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ABSTRACT 
India is the largest producer of vegetables in the world after China with an 
annual production of 101.43 million tonnes from 6.76 million ha of land and 
occupies first position in the production of cauliflower and third in cabbage. 
Diamondback moth, Plutella xylostella (Linn.) (Lepidoptera-Yponomeutidae) is a 
cosmopolitan and a major and oligophagous pest with the larvae feeding specially 
on the members of the family Brassicaceae: cauliflower, cabbage, Chinese 
cabbage, broccoli and other Brassica vegetables. Culture of P. xylostella was 
maintained under laboratory condition at 22±2°C and 75±5 percent relative 
humidity. 
Survey at an interval of 10-days was conducted on seasonal abundance of 
P. xylostella on cauliflower by identifying three localities of Aligarh district 
namely Mathura Road, G.T. Road and Punjipur village from July, 2004 to April, 
2005 and July, 2005 to April, 2006. The density of P. xylostella ranged between 
0.90 to 2.38 and 0.27 to 5.84 larvae and pupae/plant in I week to July, 2004 and 
2005, respectively and the rate of parasitization was quite low. Temperature and 
humidity was recorded maximum and minimum i.e. 24.15° to 32.91°C and 68.60 
to 91.30 percent, respectively. A significant increase in the density i.e. 8.93 to 
22.47 and 5.08 to 29.38 larvae and pupae/plant was observed on last week of 
August, 2004 and 2005, respectively. Highest population i.e. 31.43 larvae and 
pupae/plant was monitored in III week of September, 2004 at Mathura Road as 
compared to other localities but parasitization was found to be less than 10 
percent and temperature was recorded i.e. 23.30° to 33.27°C with relative 
humidity of 70.50 to 79.00 percent and 14.00 mm rainfall. Peak population 
occurred on III week of September, 2005 and reaching to 32.23 larvae and 
pupae/plant at Mathura Road and rate of parasitization was 10 percent. Population 
of P. xylostella decreased slowly from September to the harvesting of crop in both 
years of 2004-05 and 2005-06. Peak i.e. 41.33 percent paraStism was recorded in 
II week of December, 2004 at Punjipur village. Rate of parasitization decreased 
gradually from the II fortnight of December, 2004 to February, 2005. 
Highest population of DBM was found on 18* September, 2005 and then 
began to decrease and an increase was monitored in III week of March, 2006, 
where 17.49 larvae and pupae/plant was monitored at a temperature fluctuating 
between 13.41° to 24.84°C and relative humidity of 59.30 to 89.00 percent. From 
October to December, 2005 the parasitism was increased and peak was obtained 
on IV week of December, 2005 where it is reached to 40.78 percent at a 
temperature of 5.41° to 20.35°C and relative humidity ranged from 48.10 to 94.00 
percent. The parasitism decreased to 14.31 percent in the I week of January, 2006 
at a temperature ranging from 3.87° to 16.00°C with a relative humidity of 44.20 
to 94.60 percent. Rate of parasitism found to be increased from 3.61 percent on II 
fortnight of September, 2005 to 46.64 percent on the last days of December, 2005 
at a temperature of 5.41° to 20.35°C with relative humidity of 48.10 to 94.00 
percent, while parasites continue to parasitize the larvae of DBM throughout the 
month of January and even after in the month of February, March and April in 
2006. Cotesia plutellae (Kurdjumov) was found to be dominant larval parasitoid 
while, Oomyzus sokolowskii (Kurdjumov) parasitized relatively a few pupae of P. 
xylostella. Some larval and pupal parasitoids were also recorded in the present 
study but not yet identified. 34.77°C significantly (P<0.01) enhanced the 
population of DBM and also on 8* September, 8**" October, 2004 and 26*'' January, 
2005. Higher range of humidity in the month of July and I fortnight of August 
caused a negative effect on population P. xylostella. However, minimum humidity 
did not considerably affect the population of DBM and almost the same result 
obtained in relation to average humidity. Rainfall has negatively affected the 
DBM population in year 2004-05 and 2005-06. 
Effect of constant temperatures on life table of P. xylostella showed that 
survivorship (4) of decreases with increasing temperature from 10° to 37°C. A 
prolonged survivorship i.e. 164-day was found at 10°C and shortest at 37°C. 
Expectancy of life is highest at beginning of age and then declines at end of life. 
Maximum numbers of eggs were hatched at 25°C and the lowest at 37°C i.e. 34 
percent. Incubation period is prolonged at 10° C and shortest at 37°C. Mortality is 
found to be variable at different temperatures and also occurred during the larval, 
pre-pupal, pupal and adult stage. 
Maximum unhatched eggs were recorded at 37°C and minimum at 25° C. 
Highest mortality of 1 instar occurred at 37°C i.e. 32.35 percent and lowest at 25° 
C while, 24.35 and 13.95 percent at 7° and 10°C, respectively. 22.80 and 30.43 
percent mortality of II instar recorded at 7° and 37°C, respectively. Mortality of 
III and IV instar was highest at 37°C and least at 20°C. However, 25°C is found to 
be favourable for the survival of III and IV instars. 37°C inflicted highest 
mortality of pre-pupal and pupal stages. Survival of DBM was optimum at 20°C. 
Adult emergence was more at 20°C than that of 10°, 15°, 25°, 30° and 35°C and 
emergence was completely inhibited at 7° and 37°C. The survival fraction (S^) of 
different stages of P. xylostella varies with change in temperature and affected 
significantly by increasing temperature from above 25° to 37°C. Survival fraction 
of egg was highest at 25°C and the lowest at 37°C. After hatching of egg, the 
neonate larvae mine into leaves and the survival fraction of I instar increases 
from 7° to 25°C and then decreases from 30° to 37°C. Survival fraction of II 
instar larvae increases from 7° to 25°C and then decreases from 30° to 37°C. 
Highest survival fraction of III instar was calculated at 20°C i.e. 0.962 and the 
lowest on 37°C. 0.960 survival fraction of IV instar was obtained at 20°C and 
0.636 at 37°C. Survival fraction of pre-pupa and pupa was 0.972 and 0.967, 
respectively at 20°C. Temperature affects the mortality survival ratio of different 
stages of P. xylostella. It was computed that highest mortality survival ratio was 
contributed by 37°C and followed by 7°C, least mortality and highest survival 
ratio was found at 20° and 25°C, respectively at different stages of P. xylostella. 
Highest indispensible mortality of egg occurred at 35°C followed by 30° and 
6.725 at 20°C. Whereas, highest indispensible mortality of larval stages 
confributed by 30°, 10° and 15°C also inflicted a considerable mortality of 
different instars. Greatest indispensible mortality of 10.00 occurred at 10°C on 
pupal stage. Whereas, adults did not emerge at 7° and 37°C hence, treated as zero 
(0). AT-values were highest at 37°C at different stages of P. xylostella in 
comparison to other temperature. Moreover, egg stage is more vulnerable to 
temperature than other stages of P. xylostella. 
Mating occurred after emergence of adults and the eggs are laid after 24-hr 
of mating and even before eggs were also collected from the jars kept at 15°, 20°, 
25° and 30°C. Highest numbers of eggs were collected at 20°C i.e. 258.68 and 
smallest at 35°C. Adults did not emerge because of total pupal mortality at 5°, 7°, 
37° and 40°C. The maximum numbers of eggs were laid by adults in the 
beginning of age, i.e. 24-hr after mating and then slowly declines and the females 
remain alive even after laying the total eggs. Survival of females after laying the 
total eggs varies with temperature. Female remains alive for 20-days after laying 
the eggs at 10°C and 1-day at 35°C. Oviposition period also varies with 
temperature. Oviposition period is prolonged i.e. 15-days at 10°C and shortest at 
35°C. Maximum number of eggs were laid 24-hr after mating at different 
temperatures. Tlie fecundity of adult of P. xylostella is highest in the beginning of 
age and then declines with advancing age. nix was highest at 20°C and least at 
35°C. Adults did not survive at 5°, T, 37° and 40°C. 
Life table indices showed that highest potential fecundity {Pj) occurred at 
20°C i.e. 129.32 and lowest at 35°C. 111.320 and 99.01 was found at 25° and 
30°C, respectively. Potential fecundity is significantly (P<0.05) differed at 
different temperatures and negatively (non significant) correlated with 
temperature. Net reproductive potential {RQ) tends to increase from 10° to 20°C 
and then declines gradually up to 35°C. 87.938 females/female obtained at 20°C. 
RQ is also significantly (P<0.05) differed at different temperatures. Highest Vc 
occurred at 25°C and smallest at 7°C. Intrinsic rate of increase (r^) is significantly 
(P<0.05) differed at different temperatures and positively (non significant) 
correlated with temperature. Greatest r^ occurred at 25°C i.e. 0.1956 
females/female/day followed by 0.1681 at 30°C. Finite rate of increase (X) is 
found to be highest at 25°C and smallest at 10°C. 1.149 and 1.51 
females/female/day was found at 20° and 35°C, respectively. Mean length of 
generation {Tc) is prolonged at 10°C and shortest at 35°C. Tc is considerably 
inhibited by temperature. Corrected generation time (T) is significantly (P<0.05) 
differed at different temperatures and significantly (P<0.05) affected by 
temperatures. Shortest corrected generation time occurred at 35°C and the longest 
at 10°C. 3.543 day was the shortest doubling time at 25°C and prolonged at 10°C. 
Annual rate of increase {ART) is greatest at 25°C and smallest at 10°C. 
4.4339x10^^ and 2.1633x10^^ obtained at 30° and 35°C, respectively. 
Temperature has significantly (P<0.05) shortened the life cycle of P. 
xylostella at 37°C because development is greatly accelerated at 37°C and 
prolonged at 7°C. The incubation period decreased with increasing temperature 
from 7° to 37°C and the eggs were hatched in 2.75 and 1.06 days at 35°and 37''C, 
respectively and prolonged to 18.03 days at 10°C. Longest developmental period 
was found at 10°C and shortest at 37°C. The effect of temperature on the 
development of I instar is significantly differed from 7° to 25°C and almost 
similar effect was at by 30°, 35° and 37°C. There is no marked difference in 
developmental period of II instar on 7° and 10°C as well as on 35° and 37°C. 15°, 
20°, 25° and 30°C significantly affected the development of II instar. A prolongejj 
development time for pupa was at 7° followed by 10°C and sharply decreased 
from 20° to 37°C. Life span of adult decreased significantly {P<Q.05) with 
increasing temperature. The development time from egg to the emergence of adult 
was prolonged at 7°C and the shortest at 37°C. 7° and 37°C was found to be lethal 
for adults but immature stages could able to survive and develop. 
The development per day at constant temperatures for each life stage was 
calculated by development days"' and data was regressed by linear equation 
{D=a+bT). R is highest in I instar and lowest at adult stage. Residual sum of 
squares was found to be low at all stages of development except at pupal stage. 
Lower thermal threshold {T^m) for egg stage was 8.74°C, while 2.17°C for IV 
instar larva showing that IV instar could be able to survive better at lower 
temperature than I, II and III instars. Pre-pupa is more sensitive than that of the 
pupal stage. Tmi„ for adult was 6.75°C. Thermal constant (K) is calculated by 
method of Campbell et al. (1974). Adult stage has accumulated highest amount of 
thermal units i.e. 250°C-day and least at pre-pupal stage i.e. 9.89 °C-day. IV instar 
requires 72.46 °C-day for its development, which is greater than that of other 
larval instars. While, embryonic development was completed at 47.17 °C-day. 
Degree day {DD) requirement was also estimated by the method of Arnold (1959, 
1960). Adult stage accumulated more heat for its activities than that of other 
stages while, 9.39 DD is required at pre-pupal stage. Heat units required by IV 
instar was more than that of other instars. The egg requires 41.26 DD to complete 
its embryonic development. Total DD requirement to complete the development 
of immature stage was highest i.e. 426.68 DD at 25°C and the minimum at 7°C 
Degree day requirement from egg to adult increases with increasing temperature 
upto 25°C and then declines. Greatest amount of heat accumulated (285.61 DD) at 
25°C and smallest (87.58Z)D) at 37°C for adult. DD requirement to complete a 
generation of P. xylostella is 623.45°C day with threshold temperature of 5.94°C. 
Cubic polynomial model was applied to determine the maximum and 
minimum threshold temperatures. Highest R^ was on I instar larva and least on 
adult stage. Tmax of egg was highest (44°C) as compared to that of all stages of P. 
xylostella. Whereas, pre-pupal stage is found to be quite sensitive to higher 
temperature range. There is a fractional difference in T„uix of I> H and III instars 
and 41.03°C was the upper threshold temperature for IV instar. Adult was 
40.31°C. Quadratic equation of the II order was used to determine the optimum 
(Topd and minimum (r ,^>,) threshold temperatures. Minimum threshold 
temperature (Tmin) for embryonic development is 9.86°C. II instar of P. xylostella 
is more sensitive to lower temperature in comparison to I, III and IV instars. 
Although variation occurred in r^ ,>, to pre-pupal and pupal stages and 9.96°C was 
found for adult stage. The ambient temperature or Topt of different stages of P. 
xylostella is in a range of 27.5'' to 32.70°C. Top^was 32.70°C for egg stage and 
fractional difference was estimated for Tgpt on I, II and III instar and 30.30°C for 
adult stage of P. xylostella. Tmax (cubic polynomial) for egg, I and IV instar, pupa 
and adult was 44.00°, 42.93°, 41.03°, 41.47° and 40.31°C. 
Effect of Brassica hosts on life table of P. xylostella showed that the 
highest unhatched eggs were recorded on radish and minimum on cauliflower in 
both cropping seasons. Hatching of eggs was more on cauliflower than on 
cabbage in both seasons. Larval mortality was least on cauliflower and maximum 
occurred on radish in both years (2004 and 2005). A minimum of 7.69 and 8.57 
percent mortality of pre-pupa obtained on cauliflower in 2004 and 2005, 
respectively and maximum on radish and a similar observation was also found on 
pupal stage that mortality from cauliflower to radish is found in increasing order, 
respectively in both cropping years. The highest i.e. 52 and 50 adults of P. 
xylostella were emerged from cauliflower and lowest i.e. 11 and 10 adults from 
radish in 2004 and 2005, respectively. Survival fraction iSx) varies with host 
plants that affect on life stages of P. xylostella. In egg stage, values were 0.940, 
0.910, 0.890 and 0.860 on cauliflower, cabbage, broccoli and radish, respectively 
in 2004 and almost similar results in second year also. In both years, surviva 
fractions of immature stages were found to be high on cauliflower in comparison 
to other host plants. Mortality survival ratio differs in immature stages in both 
cropping seasons. MSR of egg is 0.064 on cauliflower, 0.163 on cabbage and 
0.099 on radish in 2004. The mortality survival ratio for immature stages was 
highest on radish and lowest on cauliflower in year of 2004 and 2005. The highest 
indispensable mortality was on broccoli and lowest on cauliflower in 2004 and it 
was highest on radish and lowest on cauliflower in 2005. The highest 
indispensable mortality was recorded on pupal stage in comparison to other life 
stages of P. xylostella for host plants in both cropping seasons. Maximum K-value 
was recorded on radish i.e. 0.959 and lowest i.e. 0.285 on cauliflower in 2004 and 
a similar observations were also found in second cropping season. The highest K-
value was found on egg stage and lowest on pupa on different host plants. 
Host plants are significantly (P<0.05) discriminated by females for the 
oviposition. Cauliflower receives highest number of eggs i.e. 190.02 followed by 
cabbage i.e. 164.86 eggs and radish smallest (3.56 eggs) in 2004. The female 
preferred to lay more eggs on cauliflower (214.26) followed by broccoli in 2005. 
nix is considerably affected by age and host plants. tVx is greatest in the beginning 
of age for all host plants and then declines gradually with advancing age. P/ 
differed significantly (P<0.05) between the host plants and also variable during 
2004 and 2005. The potential fecundity (Pj) was maximimi on cauliflower in both 
experimental years and minimum on radish i.e. 41.78, and 62.25 in 2004 and 
2005, respectively. In 2005, potential fecundity was higher on broccoli than even 
on cabbage. The net reproductive rate (RQ) decreases significantly (P<0.05) from 
cauliflower to cabbage, broccoli and to radish in 2004 and 2005. The highest RQ 
occurred on cauliflower (48.48 and 55.43 females/female) and smallest on radish 
(3.531 and 4.23) on 2004 and 2005, respectively. The capacity for increase (re) 
was significantly (P<0.05) variable between the host plants. The highest (re) was 
found to be on cauliflower and 0.166 and 0.1141females/female/day was on 
cabbage in 2004 and 2005, respectively. The intrinsic rate of increase (r^) is 
significantly variable among the host plants tested and also in both years i.e. 2004 
and 2005. Highest r^ occurred on cauliflower i.e. 0.1413 and 0.1368 
females/female/day in both 2004 and 2005, respectively followed by cabbage and 
lowest on radish in both years. Tc is not significantly different in cauliflower and 
cabbage as well as broccoli and radish in 2004. 29.73 and 29.42 days required oy 
P. xylostella to complete a single generation on cauliflower and cabbage. 
However, P. xylostella takes 35.11 days to complete its generation on radish ir. 
2004 and 35.39 day on the same host plant in 2005. Corrected generation time (r^ 
was found to be shortest (27.47 days) on cauliflower and proionged to 35. 09 days 
on radish during 2004, while 35.36 days required to complete a generation by P. 
xylostella on radish in 2005. Moreover, 29.32 days was the corrected generatior 
(r) on cauliflower in 2005. Shortest (4.91 days ) doubling time (DT) was found 
on cauliflower and prolonged to 19.28 days on radish during 2004, while doubling 
time is substantially increased (5.07 days) on cauliflower although it is shortest 
doubling time for P. xylostella on cauliflower in 2005 but 16.99 days was on 
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radish in 2005, which is shorter than calculated in 2004. P. xylostella breeds fast 
on cauliflower in comparison to other host plants in both years of 2004 and 2005 
and A.R.I. is significantly iP<0.05) low on radish. 
Brassica hosts have significantly and non significantly affected the 
developmental stages of P. xylostella. A significant (/'<0.05) difference was 
obtained in the incubation period of eggs on cauliflower and radish in 2004. 
While, no marked difference was found on incubation period of egg on host plants 
in 2005. In 2004, development of immature stage was 27.45 days on cauliflower 
and prolonged to 30.62 days on radish. However, in 2005, 24.15 days was on 
cauliflower and prolonged to 28.95 days on radish. Field temperature was 
negatively affecting the development of immature stages of P. xylostella. 
Longevity is shortest (7.50 days) on radish and 12.45 days on cauliflower and 
significantly (P<0.05) varies among the host plants in 2004 and 2005. Field 
temperature substantially enhanced the longevity in 2004 and negatively (P>0.01) 
affected in 2005. 
Development rate of P. xylostella regressed using sigma plot version 10. 
Values of R^ are quite low while, RSS is high on Brassica hosts grown in field 
condition of 2004 and 2005. Thermal constants {K) significantly vary among the 
host plants as well as in 2004 and 2005. In 2004, maximum heat accumulated for 
development of P. xylostella on cauliflower during both experimental seasons and 
minimum on radish. Although thermal constant differs in both year of study. The 
required degree day for development of P. xylostella is calculated by Arnold 
method (1959, 1960), which showed that DD requirement for the development Df 
egg to emergence of adult varies in both cropping seasons. When P. xylostella 
reared on radish more degree days were required to complete the development of 
immature stages as compared to other host plants. 418.5 and 331.13 degree days 
were required for development on cauliflower during 2004 and 2005, respectively. 
Degree day was also calculated by averaging method (Wilson and Bamett, 1983) 
with a base temperature of 6.05, that P. xylostella required maximum DD to 
complete its immature stages on radish in 2004 but 394.95 DD on broccoli in 
2005. While, 438.51 and 375.35 DD required on cauliflower in both years of 
study, respectively. 
Effect of mustard varieties on stage specific life table of P. xylostella 
showed apparent mortality of egg was highest (16.00 percent) on B. campestris 
var. BSH-1 in cropping season of 2004-05 and smallest (5 percent) on cauliflower 
in 2005-06. Apparent mortality of immature stages was found to be more on 
Indian mustard during both cropping years in comparison to that of other 
varieties. While larval survival on Indian mustard was 37 and 35 percent in 2004-
05 and 2005-06, respectively. Adult emergence was also less (23 and 19 percent) 
when the larvae fed on Indian mustard in both consecutive cropping seasons in 
comparison to other host plants and larvae fed on cauliflower showed highest 
number of adult emergence. Pupal mortality was 28.57 and 20.00 percent in 2004-
05 and 2005-06, respectively larvae fed on B. campestris var. BSH-1. Only 12.70 
and 12.30 percent pupal mortality occurred on cauliflower in 2004-05 and 2005-
06, respectively. Survival fraction (&c) of P. xylostella may be differed on mustard 
varieties. In egg stage, the survival fraction was i.e. 0.910, 0.880, 0.860, 0.850, 
0.840 and 0.90, 0.89, 0.88, 0.87 and 0.86 on cauliflower, B. napus var. Neelam 
(gobhi sarson), B. campestris var. Pusa Kalyani (yellow sarson), B. juncea var. 
Pusa Bold (Indian mustard) and B. campestris var. BSH-1 (Brown sarson) in 
2004-05 and 2005-06, respectively. Sx was maximum on cauliflower in both 
cropping seasons in comparison to that of mustard varieties. Mortality survival 
ratio differs in immature stages in both cropping seasons. Mortality survival ratio 
of egg is minimum (0.099) on cauliflower and maximum i.e. 0.190 and 0.163 on 
B. campestris var. BSH-1 in 2004-05 and 2005-06, respectively. At pre-pupal 
stage, it was highest (0.429) on B. campestris var. BSH-1 and lowest on 
cauliflower in both cropping seasons. At pupal stage mortality survival ratio was 
lowest on cauliflower and highest on B. campestris var. Pusa Kalyani in 2004-05 
but minimum on Indian mustard in 2005-06. The maximum indispensible 
mortality was on B. campestris var. BSH-1 and minimum on cauliflower in 2004-
05 and similar result also recorded in next cropping season. The highest 
indispensable mortality was recorded in pupal stage in comparison to egg and 
Larval stages of P. xylostella on cauliflower and mustard varieties in both cropping 
seasons of 2004-05 and 2005 06. Maximum K-value i.e. 0.638 was recorded on 
Indian mustard and lowest i.e. 0.260 on cauliflower in 2004-05 and similar 
observation was also found in second cropping season of 2005-06. At egg stage^ 
K-value was maximum i.e. 0.071 on B. campestris var. BSH-1 and minimum i.e. 
0.041 on cauliflower in 2004-05 and similar result was also in 2005-06. The 
(,*!* 
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highest K-value was found on egg stage and lowest on pupal stage in different 
hosts in both cropping years. 
Female survivorship of P. xylostella decreases with advancing age and 
maximum occurred on cauliflower (control) and minimum on B. juncea and B. 
campestris var. BSH-1 in both cropping seasons. Pre- oviposition period is l-da> 
on cauliflower but delayed to 4-days when larvae fed on B. campestris var. Pusa 
Kalyani. Oviposition period varies among the host plants tested as well as in 
different cropping years. Females obtained from the larvae fed on cauliflower 
continue to lay eggs for 10 and 11 days in 2004-05 and 2005-06, respectively but 
6 days on B. campestris var. BSH-1. Fecundity of female of P. xylostella 
decreases with advancing age and peak egg production was found on the 
beginning of pivotal age and then decreases with age and a variable post 
oviposition period was also observed on mustard varieties. Maximum number of 
eggs laid by P. xylostella on cauliflower aud minimum on B. campestris BSH-1 in 
both cropping years of 2004-05 and 2005-06. mx was found to be highest on 
cauliflower (control) and the lowest on B. campestris var. BSH-1 in both cropping 
seasons, m^ was 88.45 and 90.45 when larvae raised on B. napus var. Neelam and 
64.20 and 68.50 on B. juncea var. Pusa Bold in both cropping seasons, 
respectively. 
Life table parameters are significantly {P<0.05) varied among mustard 
varieties and in one cropping season to another. Potential fecundity (Pj) of P. 
xylostella obtained from the larva fed on cauliflower was highest i.e. 120.10 and 
116.90 in both cropping seasons of 2004-05 and 2005-06, respectively anri 
smallest on B. campestris var. BSH-1 in both years. 64.20 and 68.50 eggs /female 
was obtained when larva fed on B. juncea in both cropping seasons, respectively. 
Net reproductive rate (RQ) was found to be sm.allest i.e. 8.36 and 10.36 
females/fem.ale on 3. campestris var. BSH-1 in both cropping years, respectively 
and 11.71 and 12.99 females/female was on Indian mustard in both years 
respectively and RQ was greatest when larva fed on cauliflower in both years. P. 
xylostella adult obtained from the larva fed on cauliflower showed greatest r^ 
(0.1188 and 0.1215 females/female/day) in both cropping seasons. Whereas in B. 
napus, r„ was 0.0988 and 0.0969 females/female/day in both cropping seasons, 
respectively, while minimum (0.0537 and 0.0589 females/female/day) on B 
campestris var. BSH-1. Finite rate of increase of cauliflower is significantly 
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differed in comparison to other host plants. P. xylostella obtained from larva fed 
on B. campestris var. BSH-1 showed smallest (1.06 and 1.06 females/female/day) 
finite rate of increase in comparison to 1.13 females/female/day on cauliflower 
followed by 1.10 females/female/day on B. napus in both cropping seasons of 
2004-05 and 2005-06. Mean length of generation (T^) was found shortest i.e. 
30.58 and 30.84 days on cauliflower during both years, respectively. While, Tg 
was delayed to 39.76 and 39.80 days on Indian mustard in 2004-05 and 2005-06, 
respectively. A significant (i'<0.05) difference was found in Tc on B. campestris 
var. Pusa Kalyani in both years and B. napus yielded a similar mean length of 
generation during both cropping seasons. Corrected generation time on 
cauliflower is differed in comparison to other host plants tested. P. xylostella be 
able to complete a generation in 39.75 days on Indian mustard during both years 
in comparison to 30.36 and 29.24 on cauliflower during 2004-05 and 2005-06, 
respectively. P. xylostella obtained from larva fed on cauliflower will become 
double in 5.83 and 5.70 days on in 2004-05 and 2005-06, respectively while, P. 
xylostella fed on B. campestris var. BSH-1 will take 12.91 and 11.77 days to 
become double and 11.20 and 10.75 days on Indian mustard during both years, 
respectively. Multiplication rate of P. xylostella fed on cauliflower is significantly 
faster than other host plants. However, 6.79xl0'* and 1.82xl0'^ individuals were 
produced on cauliflower during both seasons, respectively. 
Development of P. xylostella is significantly (P<0.05) varied when the 
larvae fed on mustard hosts and also differed in two consecutive cropping seasons 
of 2004-05 and 2005. Development of egg of P. xylostella on cauliflower is 
significantly (P<0.05) differed to that of Indian mustard and B. campestris var. 
BSH-1 during both cropping seasons. Egg development was completed in 5.20 
and 5.10 days on B. campestris var. BSH-1 during 2004-05 and 2005-06, 
respectively, while 5.10 and 2.90 days on Indian mustard. I instar completed the 
development in 4.80 and 4.70 days on Indian mustard in both cropping seasons 
respectively while, shorter time was observed on B. napus and B. campestris var. 
Pusa Kalyani. The development of II instar on cauliflower, B. napus and B. 
campestris var. Pusa Kalyani ar"^  iiot significantly differed with each other in th^ ^ 
cropping season of 2004-05 and significantly prolonged on Indian mustard and E. 
campestris var. BSH-1. While during cropping season of 2005-06, development 
of II instar fed on cauliflower is significantly differed to that of other mustar'^. 
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hosts. Like-wise III and IV instar development significantly/non significantly 
varies among the mustard hosts. Pupal development when the larva fed on 
cauliflower is significantly varied in comparison to mustard hosts as well as in 
both cropping seasons. Minimum developmental period was observed on 
cauliflower and maximum on B. campestris var. BSH-1 in both cropping seasc ^ 
of 2004-05 and 2005-06, respectively. Total developmental period of immature 
stage (egg to emergence of adult) is considerably (P<0.05) varied during both 
years of 2004-05 and 2005-06. Shortest developmental period was on cauliflower 
and prolonged (38.10 and 38.90 days) on B. campestris var. BSH-1 in both 
cropping seasons, respectively. Adults of P. xylostella live longer on cauliflower 
as compared to mustard varieties during both years of study while, shortest (7 and 
7.20 days) occurred on B. campestris var. BSH-1. Development of immature 
stages is significantly fast i.e. 25.90 and 26.70 days on cauliflower in both 
cropping seasons of 2004-05 and 2005-06, respectively, while prolonged to 36.20 
and 38.10 days on Indian mustard and B. campestris var. BSH-1, respectively 
Data of development per day was regressed by linear regression. Thermal 
constant varies in mustard varieties and in both years of study. Pupal development 
of P. xylostella required more degree days than that of individual stages o^ larva. 
Degree day requirement were for development of P. xylostella varies in different 
years. Minimum i.e. 258.99 and 174.60 degree days required when larva fed on 
cauliflower and maximum i.e. 252.73 and 258.23 degree days on B. campestris 
var. BSH-1 during both cropping seasons of 2004-05 and 2005-06, respectively. 
Degree day requirement was also calculated by averaging method that values are 
similar or dissimilar to that of Arnold method and also showed variation in two 
cropping seasons of 2004-05 and 2005-06. 
Intercrops have significantly (P<0.05) affected the infestation of P. 
xylostella on cauliflower and also found variation in two cropping seasons of 2004 
and 2005 as well as spacing of cauliflower. 15:1 ratio of intercrop is 
significantly/non significantly less effective than 15:2 ratio and in the same 
manner 25:1 ratio of intercrop is less effective than 25:2. 55x35 cm spacing of 
cauliflower holds more population of P. xylostella than that of 60x45 cm. 
Population of P. xylostella on cauliflower intercropped with different plants was 
substantially higher in 2005 as compared to 2004. Spacing of 60x45 cm with 15:1 
ratio of cauliflower and intercrops showed that larvae and pupae/plant was 
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recorded highest on cauhflower intercropped with radish and lowest on tomato 
followed by marigold and the similar result was also found in 15:2 ratio that 
maximum larvae and pupae/plant was recorded on radish and minimum on tomato 
followed by cumin in 2004. The larvae and pupae/plant was maximum on 
cauliflower intercropped with radish and minimum on tomato intercrop in 2005. 
In a control treatment where only cauliflower is grown, larvae and pupae/plant 
was found to be increasing from 10 to 60 DAP (days after plantation) and 10 to 70 
DAP in 2004 and 2005, respectively and a significantly higher DBM population 
was obtained on cauliflower (only) than cauliflower intercropped micro plots. 
Cauliflower intercropped with tomato at a ratio of 15:2 was found to be more 
effective than 15:1 as well as other treatments. It was followed by cumin, garlic, 
coriander, fermel and marigold. Peak population of P. xylostella was monitored at 
60 DAP on cauliflower (sole crop) and then declined gradually in differeixt ratios 
of line and spacing during 2004. 
It was also found that there was an increase in the density of P. xylostella 
on cauliflower with spacing of 55x35 cm as compared 60x45 cm in both cropping 
seasons. Ratio of 15:2 is considerably more effective than the ratio of 15:1, 25:1 
and 25:2. Population of P. xylostella increases from 10 to 70 DAP then d 
up to harvesting of crop in both years. Peak population of P. xylostella was 
observed at 70 DAP on cauliflower in 2005. Tomato was more effective as an 
intercrop than other plants tested. Although garlic, cimiin, coriander and fennel 
were foimd to be more effective intercrops than that of lucerne, marigold, radish 
and carrot. 25:2 ratio (cauliflower: intercrop) is superior for reduction of lan'ae 
and pupae/plant in comparison to 25:1 in both cropping seasons of 2004 and 2005. 
Garlic, cumin, fermel and coriander intercrops are not significantly differed 
but equally effective in reducing the infestation of P. xylostella in relation to 15:1, 
15:2, 25:1 and 25:2 and spacing of 60x45 and 55x35 cm in both years of st;-./. 
Effects of radish and carrot intercrops are not significantly different i : : 
harboured almost equal number of larvae and pupae of P. xylosteua "r. -"pr cas 
combinations of ratios of lines and spacing in 2004 and 2005. Lu:erae and 
marigold intercrops are significantly/insignificantly differei^ but marigold is mo::'* 
effective than that of lucerne in different ratio cf cauliflower and in;ercrops a3 
well as spacing of cauliflower in be >h cropping ssrsonc 3f 2004 and 2005. 
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Parasitization is significantly/non-significantly differed ' stween different 
intercropping systems and significantly differed as compared '"^ cauliflower only. 
The rate of parasitization was more when cauliflower .^  ' 60x45 cm as 
compared to 55x35 cm and 15:1 ratio conceived more parasitcid? ihan 15:2 in 
both spacing schedules and both cropping years, respectively. Similarly 25:1 ratio 
has attracted more parasitoids as compared to 25:2. Although, the rate of 
parasitization is foimd to be low on cauliflower field (only) that ranged bet^ .^ een 
8.5 to 10.10 percent. Parasitization in cauliflower + tomato is considerably lilgh 
(20 to 51.65 percent) as compared to other cropping system in 2004 and 32.64 to 
41.17 percent in 2005. However, occurrence of parasites in cauliflover 
intercropped with garlic, cumin, fermel and coriander is significantly higher ,s 
compared to radish, carrot and lucerne intercropping system but lower than that f^ 
tomato. 52.04 percent of larvae and pupae of P. xylostella were parasitized in 
fennel cropping system, which is the highest rate of parasitization in 15:1 ratio 
with spacing of 60x45 cm in 2004 and 32.42 percent in 2005. While, cauliflc ,ei 
+ lucerne cropping system showed considerably lower number of parasites ;hat 
attacked the larvae and pupae of P. xylostella as compared to marigold. 0. 
plutellae was dominant larval parasitoids during both year of study .ad »_\ 
sokolowskii, pupal parasitoid was recorded very few. Yield of cauliflower is 
significantly differed in different intercropping systems and significant!)' 
(P<0.05) differed in relation to spacing of cauliflower as well as lines cf 
intercrops and in two cropping seasons as compared to cauliflower (only). Yiela 
increase was in a range of 15-18.55 percent that was obtained on cauliflo\7er -
tomato cropping system and lowest (4-6 percent) on cauliflower + marigclr! as 
compared to cauliflower (only). However, percent yield increase was in a range of 
12 to 15 and 10 to 14 percent on cauliflower + cumin n^d cauliflower + fcijxcl 
cropping system, respectively in both cropping seasons as compared to 
cauliflower alone. Garlic and coriander intercrops were also found to be 
considerably effective in relation to increase of yield of cauliflower. WTiile, 6 to 
8.30 percent increase of yield was recorded on radish, carrot and lucerne 
intercrops in both years of study. It was found that the spacing of 60x45 cm with a 
ratio of 15:2 of cauliflower + intercrops gave higher yield of sole and intercrops 
than that ratio of 15:1 and also maximum yield was recorded in 25:2 ratio rather 
than 25:1 in both cropping seasons. Cauliflower + tomato cropping system has, 
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provided greater yield production (263.38 q/ha) in 15:2 rati'^  ' a that of 15:1 
ratio (261.61 q/ha) in 2004 and 251.88 and 251.77 q/ha v/ith a ratio of 15:2 and 
15:1, respectively during 2005-06. However, the production in cauliflower + 
tomato system was 256.16 and 256.44 q/ha with a ratio of '^':1 and 25:2, 
respectively in 2004-05. While, 256.00 and 256.22 q/ha with 25;i .nd 25:2, 
respectively during 2005-06. Yield was mmimum r i cauliflower + .marigold 
cropping system with a ratio of 15:1, 15:2, 25:1 and 25:2 duriag b" „.. seasons of 
study. Lowest yield ranged between 207-224 q/ha that was obtained in 
monoculture cauliflower. Maximum benefit ir terms of mpees was ;orded on 
cauliflower + tomato cropping system i.e. Rs. 25785.01 '^" '0x45 cm spacing 
and 15:2 ratio during 2004-05 as compared to othei- — tf^ rr '• •ag20C4-
05 and 2005-06. Cumin and fennel intercrops offc. '.Idc"'' mas 
compared to garlic, coriander, radish, carrot, lucerne and marigwiu lii -"•'^ ' ^  ca*: of 
study. 
Maximum and minimum temperature and average \iuf> '^'''iy is '^ ^ "tively 
(non significant) correlated in relation to P. xylostella. There- /as no rainfall in the 
experimental period 2004-05. In 2005-06 the DBM population is posiiively n^on 
significant) correlated with maximum, minimum temperature an^ " .v^rage 
humidit)'. Whereas, rain fall is significantly (/*<0.01) unfavcM-ab' for i' 'i larvae 
and pupae of P. xylostella. Maximum temperature significantly (/*<0.C', /'<0.05> 
enhanced the population of C. plutellae, when cauliflower spaced 55x35 cm 's 
compared to 60x45 cm in 2004-05 but minimum temperature adversely afff:ted 
the parasite build up on cauliflower spaced 60x55 cm, while minimum 
temperature has significantly increased the rate of parasitization in L ' ig of 
55x35 cm. Average humidity caused a substantial increase/decrease in Cotesia 
population during 2004-05. In 2005-06, a substantially favourable effect was 
calculated on maximum temperature and unfavourable by minimum tempvriture. 
Average humidity and rainfall has favoured /unfavoured the rate of parasitization. 
Intercrops have significantly (/'<0.05) affected the infestation f P. 
xylostella during the two cropping seasons of 2004-05 and 2005-06. Tom^ ^^ '^  
intercrop was found to be considerably more effective against P. xylostella thin 
that of other intercrops tested, where the yield and net return was significantly 
greater than the cauliflower (only) as well as other intercrops. Since the yiel'. 
increase in cauliflower + tomato intercrop is in a range of 16-18.55 percent, whic 
is more as compared to cauliflower (only monoculture) as well as greater than 
other intercrops. It was also found in present study that paras"tization in 
cauliflower + tomato cropping system is higher (20 to 51.65 percent) as compared 
to cauliflower (alone). The occurrence of parasites in cauliflower intercropped 
with garlic, cumin, fennel and coriander is also higher than that of radish, carrot, 
lucerne and marigold. While 52.04 percent of larvae and pupae of P. xyic. .lla 
were parasitized in fennel cropping system. 
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INTRODUCTION 
India is the largest producer of vegetables in the world after China with 
an annual production of 101.43 million tonnes from 6.76 million ha of land 
(Rai and Pandey, 2007). Cabbage and cauliflower are most preferred winter 
vegetables and their total share in country's vegetable production is 6.1 and 4.4 
percent, respectively (Anonymous, 2005). India occupies first position in the 
production of cauliflower and third in cabbage. Major producer of cabbage and 
cauliflower are Punjab, Haryana, Uttar Pradesh, Bihar, West Bengal, Assam, 
Maharashtra, Gujarat and Kamataka. 
The important insect pests associated with cabbage and cauliflower are 
diamondback moth (DBM), Plutella xylostella (Linn.), cabbage butterfly, 
Pieris hrassicae (Linn.), leaf webber, Crocidolomia binotalis Zeller, cabbage 
borer, Hellula undalis (Fab.), leaf eating caterpillar, Spilarctia obliqua 
(Walker), Spodoptera littoralis (Fab.), S. litura fFab.), S. exigua (Hubner), 
cabbage looper, Thysanoplusia orichalcea (Fab.), Plusia eriosoma Doubleday, 
aphids: Brevicoryne brassicae (Linn.), Lipaphis erysimi (Kalt.), Aphis gossypii 
Glover, Myzus persicae (Sulzer), painted bug, Bagrada cruciferarum 
(Kirkaldy), B. Maris, leaf eating beetle, Phyllotreta cruciferae (Goeze), P. 
chotanica Duviv., P. birmanica Harold. These insects are widely distributed in 
different agro-climatic conditions in India. 
Diamondback moth, Plutella xylostella (Lirm.) (Lepidoptera-
Yponomeutidae) is recorded as a major and oligophagous pest with the larvae 
feeding specially on the members of the family cruciferae (Thorsteinson, 
1953), cabbage, Chinese cabbage, cauliflower, broccoli, knol khol, radish, 
turnip and mustard. It has been recorded since 1746 (Harcourt, 1962) and 
believed to have originated in Mediterranean region (Harcourt, 1954), which is 
also the place of origin of some of the important crucifer crops (Tsunoda, 
1980). It has now been recorded from at least 128 countries or territories of the 
world and believed to be most universally distributed of all lepidoptera 
(Anonymous, 1968, Talekar and Shelton, 1993). In India, diamondback moth 
was first recorded on crucifer vegetables in 1914 (Fletcher, 1914) and now it is 
distributed all over India wherever crucifers grov^ n^. 
KrishnaKumar et al. (1984) have estimated a 52 percent loss in 
marketable cabbage due to DBM attack, while Srinivasan (1984) reported 90-
92 percent loss could occur if cabbage is left unprotected and also vary from 
30-100 percent (Lingappa et al, 2000). In India, Krishnamoorthy (2002) has 
also reported a 52 percent reduction in yield and the losses to DBM is 
estimated to be $16 million annually in a cultivated area of 5,01,700 ha (Mohan 
and Gujar, 2003). 
Recently, an outbreak of P. xylostella occurred at a greater magnitude in 
the month of September and October, 2006 on cauliflower at Aligarh district of 
Uttar Pradesh where the losses were estimated to be 50-100 percent and a 
number of cauliflower fields were completely devastated by DBM and farmers 
were bound to plough down their fields without any produce (Ahmad et al, 
2008). Outbreaks of P. xylostella occurred frequently in various parts of the 
world (Talekar and Shelton, 1993) that resulted in severe losses (Javier, 1992, 
Shelton, 2001). DBM infestations sometimes compel growers to plough down 
their standing crops in spite of multiple insecticide applications (Abro et al, 
1994, Perez et al, 2000). Outbreaks of P. xylostella have been reported from 
Malaysia in 1969 (Wan, 1970), Belarus in 1988, 1991, 1997 and 1998 
(Sidlyarevich et al, 2000), Shanghai, China in 1992 and 1994 where losses 
were estimated to be 99 and 80 percent, respectively (Zhao et al, 1996), Kenya 
in 1995 (Kibata, 1996), Malaysia in 1997 (Omar and Mamat, 1997), Western 
Australia in 2001 and New South Wales in 2002 (Endersby et al, 2003), South 
East Asia in different years and the losses were about 90 percent (Talekar and 
Shelton, 1993, Verkerk and Wright, 1996), Georgia, USA in 1989 where the 
loss is estimated as $ 16.4 million (Adams, 1991) and California in 1997 
(Shelton et al, 2000). Outbreaks occurred annually throughout the prairie 
province of Canada wherever Brassica crops are grown (Dosdall et al, 2004b). 
In Alberta and Saskatchewan, Canada where 467,860 ha were treated to control 
DBM at an estimated cost of CN $ 11.9 million in 1985 (Madder and 
Stemeroff, 1988), in Canada, 1.25 million ha were treated to control another 
outbreak at an estimated cost of CN $ 50 million in 1995 (WCCP, 1995), in 
Western Canada, 1.8 million ha were sprayed with insecticides to control DBM 
in 2001 (WCCP, 2001). In Texas, USA, losses were $ 40-70 million for 
cabbage and $ 4,00,000 for broccoli in 2004 (Shelton, 2004) and in New York, 
$80 million for broccoli in 2004 (Shelton, 2004). 
The moth is small cylindrical, light brownish or grayish in colour with a 
wing span of 14 mm. Female is longer than male in size. Three pale whitish 
triangular patches or wavy markings are present on the margins of the fore 
wings when closed, appears like diamond hence the common name is 
diamondback moth (DBM). Longevity of female is 15-18 days and male 10 
days. Pale whitish eggs having diameter of 0.5-0.8mm are laid singly on the 
upper and lower surface of leaves preferably on the lower surface. A single 
female lays 60-150 eggs. Incubation period is about 3-8 days. The hatching 
percentage is about 90-95 percent. 
Full-grown larvae are green in colour and 8-12 mm in length. The larva 
tapers at both ends with few scattered hairs when the larva disturbed hangs 
down from the plant by means of silken thread. Young larvae feed on the lower 
surface of leaves by scraping the epidermal tissue thus producing a typical 
whitish patch. After hatching, I instar mines into leaf and remains in mine for 3 
days in hot, 3-4 days in rainy season, 4-5 days in cold season. 11 instar came out 
from the mine and then starts feeding on the lower surface on the leaves 
leaving upper epidermis intact, which later dried up. The period of II instar is 
usually 2 days during hot and rainy season and 5 days in cold season. Ill instar 
completed the development in 2 days in hot and rainy season and 2-3 days in 
cold season. IV instar feeds gregariously upon the leaves, which lasts for 2 
days in hot, 2-3 days in rainy and also cold season. The total larval period 
extends from 14-21 days (Abraham and Padmanabhan, 1968). The pre-pupal 
period is estimated to be as one day. The total larval and pupal period is 10 
days in cold season. Pupation takes place in loose mass of silken cocoon spun 
by the mature larva. The pupa is 6 mm long and of light brown in colour 
(Lingappa et al, 2000) and the period ranges from 7-11 days (Abraham and 
Padmanabhan, 1968), while 3-7 days with an average of 5 days (Patil and 
Pokharkar, 1971) and 4 days in hot and rainy season respectively and 4-5 days 
in cold season (Jayarathnam, 1977). 
The life span of male and female is 10 and 12.1 days, respectively (Patil 
and Pokharkar, 1971). Jayarathnam (1977) noticed that the moth survives 3-6 
days without food and 11-16 days on food and completes 13 to 14 generations 
per year. If eggs are laid on the same day of emergence in every generation 
then there will be about 16 generations per year. Harcourt (1986) reported 4-5 
generations per year, which is depending on seasonal temperature, and 
generation time varies from 18 to 51 days and the average is 25 days in July-
August. 
Seasonal incidence of P. xylostella has been studied in different agro-
climatic conditions of India (Abraham and Padmanabhan, 1968, Sachan and 
Srivastava, 1972, Jayarathnam, 1977). High build up larval population has been 
reported during February and March (late-winter) and April-August (summer 
and mild rainy season) (Abraham and Padmanabhan, 1968, Sachan and 
Srivastava, 1972). However, Jayarathnam (1977) and Nagarkatti and Jayanth 
(1982) found significantly high build up population during rainy season (July-
September) as compared to other seasons. DBM can be found on crucifers 
throughout the year provided that the host crop planted continuously (Lu and 
Lee, 1984, Talekar and Lee, 1985). Heavy rain is also one of the important 
factors affecting DBM's abundance (Lu and Lee, 1984, Talekar and Lee, 
1985). 
Over the past several years numerous insecticides with novel mode of 
action have been developed and shown to have high level of efficacy against P. 
xylostella on cabbage and cauliflower. Spray schedules were tested and 
recommended before and after planting at an interval of three weeks (Gupta 
and Sharma, 1971) and fortnightly application (Sachan and Srivastava, 1975). 
The opinion made by Verma and Sandhu (1968) that insecticide application is 
suitable on cauliflower especially at the time of curd formation while, Verma et 
al. (1972) obtained 100 percent mortality of larvae of DBM within 24 hr after 
application of 0.025 percent diazinon, 0.15 percent chlorfenvinphos, 0.1 
percent trichlorfon, and 0.01 percent menvinphos. Ram and Singh (2000) 
applied insecticides; mevinphos, endosulfan, biobit, biolep, cypermethrin and 
fenvalerate after 55 days of transplantation of cauliflower and repeated the 
second spray at 10 days after the I spray and reported significantly high 
reduction of DBM larvae. 
The extensive and indiscriminate use of synthetic organic insecticides on 
cabbage and cauliflower to control the DBM led to elimination of natural 
enemies (Ooi and Sudderuddin, 1978, Mani and Krishnamoorthy, 1984, 
Talekar and Shelton, 1993, kfir, 2002, Xu et al, 2004) and development of 
insecticide resistance reported from different states of India (Verma and 
Sandhu, 1967, Vastrad etal, 2003). It was the first crop insect reported to have 
developed resistance to DDT in 1953 in Indonesia (Johnson, 1953). Occurrence 
of insecticide resistance has also been reported from several countries i.e. 
South East Asia (Talekar and Shelton, 1993), Japan, (Hama, 1986), USA 
(Tabashnik et al, 1987), Australia (Altman, 1988), New Zealand (Bell and 
Fermemore, 1990). P. xylostella has developed resistance to as many as 73 
insecticides including B. thuringiensis strains and its toxins: 
http://www.pesticidesresistance.org/DB/specie from more than 50 countries 
and territories of the world. P. xylostella has also been reported with cross 
resistance and multiple resistant to many insecticides (Shelton et al, 2000, 
Sayyed et al, 2004, Sarfaraz and Keddie, 2005). 
B. thuringiensis (Bt) Berliner based products have been used for over 50 
years as insecticide sprays and P. xylostella is the first and still the only species 
to develop resistance to this bacterial insecticide in the field (Tabashnik et al, 
1990, Tabashnik, 1994, Mohan and Gujar, 2002).This has led to a renewed 
interest in developing alternatives to the use of insecticide, such as biological 
control and development of resistance plants (Waage and Greathead, 1989). 
Life tables provide an ecological tool to measure survivorship, mortality 
and mortality factors of an organism under natural conditions (Morris and 
Miller, 1954, Harcourt, 1969). Multiple sets of life table data can be analyzed 
to identify key mortality factors or critical life stages or periods, which can 
increase understanding of the dynamics of an insect population and at the same 
time, reveal the most appropriate period for management (Harcourt, 1969, 
Southwood, 1978). It was extensively studied by Deevy (1947) on natural 
population of animals. Subsequently, the concept of life table was extended to 
study the life expectancy of laboratory cultured insects (Birch, 1948, Howe, 
1953). Life table has also been used for the study of natural population of 
insect pests and has been discussed comprehensively by various workers 
(Morris, 1963, Harcourt, 1969). 
Harcourt (1986) compiled 74 life tables of DBM from population and 
mortality data during 11 year periods and showed that parasites reduced 
fecundity are the most important factors affecting variation in intra generation 
survival. Population increases early in the season and is triggered by high 
female reproductive capacity with maximum number of eggs deposition. Most 
DBM larvae were killed in immature stages (Harcourt, 1963, 1986, Iga, 1985, 
Sivapragasam et al, 1988, Wakisaka et al, 1992, Keinmeesuke et al, 1992). 
Seasonal fluctuation and the action of natural enemies (Harcourt, 1963, 1986, 
Iga, 1985, Wakisaka et al, 1992, Keinmeesuke et al, 1992) and precipitation 
(Harcourt, 1963, Sivapragasam et al, 1988, Talekar and Shelton, 1993) are the 
major mortality factors. High temperature in hot season and low temperature in 
cold may affect the survival of immature stages and reduce the adult fecundity 
(Yamada and Kawasaki, 1983, Keinmeesuke et al, 1992, Wakisaka et al, 
1992, Abro et al, 1992, Talekar and Shelton, 1993, Shirai, 2000). While, 
population development of P. xylostella occurred at natural temperature 
ranging from -2 to 42^C (Chen, 2002). Net reproductive rate and intrinsic rate 
of natural increase of a population of P. xylostella declined considerably at 
33°C (Wakisaka et al, 1992). A higher net reproductive rate can be achieved 
between 29° and 31°C as larval developmental periods are extremely short at 
such high temperature (Wakisaka et al, 1992, Shirai, 2000). 
Temperature is an important driving force for arthropod population 
growth rate (Taylor, 1979) and the rate of development of insect is also 
temperature dependent (Lamb, 1992). As the development increased, 
development rate becomes proportional to temperature. The development then 
begins to slow up to a maximum the so called optimum temperature (Allsopp et 
al., 1991). Development rates then fall off sharply with further increase in 
temperature. Moreover, the rate of reproduction of insects is dependent on 
temperature usually up to a critical maximum (Dent, 1995) and the number of 
offspring produced increases with temperature (Enkegaard, 1993, Yang et al, 
1994) but high temperature reduced fecundity. In general insect's development 
is extremely inhibited by high temperature immediately above the optimal 
temperature range (Denlinger and Yocum, 1998). While, temperature above 
33°C has a fatal influence on egg production and larval development of P. 
xylostella (Shirai, 2000). It is also reported that high temperature adversely 
affected the development of P. xylostella (Umeya and Yamada, 1973, Samthoy 
etal, 1989). 
The development rate in relation to temperature plays an essential role in 
pest management, especially in helping to predict the timing of development of 
pests and natural enemies in field situation (Lamb, 1992, Roy et al, 2002). It is 
also well known that the rate of development of an insect is temperature 
dependent and the relationship is linear above a threshold temperature 
(AUsopp et al., 1991) and several models have been developed to describe the 
relationship (Campbell etal., 1974, Logan et al., 1976, Schoolfield et al., 1981, 
Gilbert and Raworth, 1996, Briere et al, 1999) since linear model is widely 
accepted for calculating low temperature threshold and thermal constant (Dent 
and Walton, 1997, Roy et at., 2002, Kontodimas et al, 2004). 
Host plant resistance to oviposition and feeding is an important 
mechanism by which a plant can limit the damage caused by an insect pest and 
it is an important component of integrated pest management. Its potential for 
use against P. xylostella on Brassica vegetables such as cabbage, cauliflower 
and broccoli has been studied by several workers. It is widely accepted that 
larval survival is greatly determined by the oviposition behaviour of adult 
females, as immature stages have limited mobility (Renwick, 1989). Among 
many herbivore insects, oviposition on newer leaves of a particular host tends 
to be preferred over oviposition on older leaves (Klemola et al, 2003), which is 
less suitable for larval development and survival than younger leaves (Raupp et 
al, 1988, Rodrigues and Pires-Moreira, 1999). Monks and Kelly (2003) 
investigated the role of learning and host deprivation in host acceptance by 
adult diamondback moth {P. xylostella) in which responsiveness to host is a 
function of the recent counter rate with host specific stimuli and the oviposition 
reflex is regulated by non specific causes as eggs load. In P. xylostella 
oogenesis has been shown to increase in the presence of a host plant (cabbage) 
as compared to non host plant (beans) (Hillyer and Thorsteinsons, 1969) and 
DBM oviposition was significantly greater on cabbage followed by 
cauliflower, broccoli and Kohlrabi (Reddy et al, 2004). Contrary to this 
oogenesis of P. xylostella is higher with a non suitable host (Barbarea 
vulgaris) than with the suitable host (cabbage) (Badenes-Perez et al, 2006). 
Adults of P. xylostella are attracted to volatiles emanating from their host 
plants (Palaniswamy et al, 1986, Pivnick et al, 1990). Three green leaf 
volatiles have been found in the extract of cabbage and attracted mated females 
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for oviposition (Reddy and Guerrero, 2000). Allyl isothiosynates, the 
hydrolysis products of mainly aliphatic glucosinolates were found as feeding 
attractants for DBM and also stimulated enhanced oviposition (Hillyer and 
Thorsteinson, 1969, Renwick, 2002). While, certain glucosinolates including 
sinigrin and glucobrassicin and or their metabolites that occur in Brassicaceae 
were stimulatory to DBM for oviposition (Gupta and Thorsteinson, 1960, 
Renwick and Radke, 1990). 
P. xylostella prefers to oviposit on glossy cabbage because of greener 
and darker leaves as compared to waxy (normal wax bloom) cultivars 
(Eigenbrode et al, 1991a,b, Ulmer et al, 2002) but Hamilton et al. (2005) 
found no varietal preference for oviposition by P. xylostella for seedling of 
broccoli or cauliflower while, a highly significant cultivars effect for cabbage 
in which significantly more eggs were laid on Savoy king than other cultivars. 
While, significantly more eggs were deposited by female of P. xylostella on 
glossy plants ofB. napus (Justus et al, 2000) and B. rapa (Ulmer et al, 2002) 
than on their waxy counter parts but females do not discriminate against them 
as host plants for oviposition (Lin et al, 1984), while larval survival and pupal 
weight were reduced on such glossy leaved plants (Eigenbrode et al, 1991a,b, 
Ulmer et al, 2002, Badenes-Perez et al, 2004). 
Trap crops, important components of cultural control, are composed of 
one or more plant species grown to attract a pest species in order to protect a 
near by cash crop (Hokkanen, 1991). Protection may be achieved by preventing 
the pest from reaching crop, or by concentrating the pest in a portion of field 
where it can be managed (Shelton and Nault, 2004) and may serve as a 
resource for natural enemies that can then increase and suppress the pest 
populations (Zhao et al, 1992). Therefore, this technique has shown some 
potential to reduce the damage by P. xylostella in crucifers. Indian mustard was 
reported to be a host for P. xylostella (Jayarathnam, 1977). Srinivasan and 
Krishnamoorthy (1992) confirmed the preference for oviposition on Indian 
mustard by P. xylostella as compared to cabbage and larval survival was 
significantly lower than other plant in laboratory. Charleston and Kfir (2000) 
observed in laboratory experiments that female DBM prefers to lay more eggs 
on B. juncea than on other Brassica spp. which is consistent with previous 
laboratory and field studies of Andrahennadi and Gillott (1998). Further, 
Charleston and Kfir (2000) suggested that low larval survival on Indian 
mustard in the laboratory condition and low infestation in the field, which 
indicated that the reduced in the wax load of Indian mustard, may play an 
important role. Asman (2002) used Indian mustard as a trap crop and was 
reported to suppress the damage to cash crop. However, similar approaches 
have failed in Hawaii (Luther et ai, 1996) and Texas (Bender et al, 1999). In a 
screen-house assessment, adults of P. xylostella laid significantly more eggs on 
B. vulgaris than on the cultivated hosts; cabbage, broccoli, and B. napus and 
the larvae do not survive on B. vulgaris (Shelton and Nault, 2004). Larval 
feeding or survival may be reduced in normal bloom varieties through 
antixenosis and physically or nutritionally based antibiosis (Verkerk and 
Wright, 1996). If larval period is longer then it can afford parasitoids and 
predators to have more opportunities to attack (Feeny, 1976). 
Use of intercropping provides an excellent opportunity as an ecological 
approach in pest management. Intercropping affects the pest by microclimate 
through changes in crop canopies (Bach and Tabashnik, 1990, and Wu et al, 
1999). For some crop insects situation in cropping has reduced pest population 
because the plants act as a physical barrier to the movement of pest insect. 
Natural enemies are more abundant and or the chemical or visual 
communication between pest insect and their host plant is disrupted (Root, 
1973, Risch 1981). 
Results on DBM and intercropping have been rather variable. It was also 
found that companion crop may have hidden the host plants significant 
reduction in eggs and larval densities were found (Theunissen and Schellin, 
1996, Finch and Kienegger, 1997). The mechanism of visual camouflage, host 
plants are hidden by taller non-host plants (Finch, 1996), seems to explain the 
reduction in diamondback moth oviposition. 
In addition, crops in intercropping systems may improve soil fertility 
and the availability of alternative sources of nutrition's products (Risch et al., 
1983) as well as reducing the pest attack (Tingey and Lamont, 1988, Khan et 
al, 1997) and lower pest abundance in intercropped or more diverse system to 
a higher density of predators and parasitoids (Bach, 1980). The greater density 
of the natural enemies is caused by an improvement in condition for their 
survival and reproduction, such as greater temporal and spatial distribution of 
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nectar and pollen sources which can increase parasitoids reproductive potential 
and abundance of alternative host/prey when the pest species are scarce or at an 
inappropriate stage (Risch, 1981). It has been observed that cabbage-tomato 
intercropping lower down the incidence of P. xylostella (Buranday and Raros, 
1973) and 36 percent reduction in the infestation of P. xylostella (Sivapragasam 
et al, 1982). Intercropping with non-crucifers can also minimize P. xylostella 
infestation (Burandy and Raros, 1975, Talekar et al, 1986, Meena and Lai, 
2002, Bukovinszky et al, 2005). Therefore, AVRDC, Taiwan has also 
suggested that garlic and tomato may be grown as intercrop along with cabbage 
thereby reducing the infestation of DBM significantly (Anonymous, 1985). 
While, cabbage intercropped with tomato was proved to be effective in 
harbouring less larvae and pupae of P. xylostella (Meena and Lai, 2002). 
Despite its tremendous importance, efforts have been made to study the 
seasonal abundance of P. xylostella on cauliflower from July, 2004 to April, 
2005 and July, 2005 to April, 2006 in order to understand the build up of 
population in relation to its parasites at a prevailing condition of temperature 
and humidity of a particular period of the year. Laboratory studies were carried 
to construct the life table of P. xylostella on cauliflower at constant 
temperatures to determine the life indices so that population trends may be 
ascertained at a specific temperature, which is required in management 
practices. Rate of development of P. xylostella on cauliflower at constant 
temperatures was determined as well as thermal thresholds and thermal 
constant were also estimated by linear regression equation and cubic 
polynomial sigmoid equation for modeling and prediction of seasonal 
phenology and abundance of P. xylostella that may contribute substantially to 
the selection of insecticides or natural enemies to be introduced at different 
environmental conditions. Brassica vegetables were used to study the host 
preference of P. xylostella through the life table method in protected field 
conditions for two cropping seasons of 2004 and 2005. Life table indices were 
determined and compared between the two seasons. Rate of development and 
thermal requirements of P. xylostella on Brassica vegetables were also 
estimated, so that obtained knowledge may be incorporated effectively in 
sustainable management programmes. Mustard varieties, as a trap cop were 
evaluated through the life table method in protected field conditions for two 
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cropping seasons of 2004-05 and 2005-06. Life table indices were calculated to 
obtain mortality, survival and intrinsic rate of increase of population on 
mustard varieties. Rate of development and thermal requirements of P. 
xylostella on mustard varieties were determined in order to understand the most 
suitable mustard variety to be cultivated as a trap crop along with cauliflower 
to minimize the load of insecticides and maximize the income of farmers and 
may also be recommended to farmers to adopt for sustainable management of 
P. xylostella on cauliflower. In the last experiment, cauliflower was 
intercropped with host/non host plants in relation to spacing of sole crop and 
lines of cauliflower and intercrops for two cropping seasons of 2004-05 and 
2005-06 to ascertain the most effective intercrop that may be grown in a 
coherent manner in cauliflower field. Therefore, it may also be recommended 
to farmers for sustainable management of P. xylostella. 
Therefore, the present investigations may envisage the understanding of 
valuable insight into population dynamics of P. xylostella so that a sustainable 
management programme may be formulated as well as trap crop and intercrop 
may also be recommended with cauliflower thereby increasing the income of 
farmers and saving the environment for future generations of man and his 
animals. 
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REVIEW OF LITERATURE 
Diamondback moth (DBM), P. xylostella (Linn.) is a cosmopolitan and 
most destructive pest of Brassica and of particularly cabbage, cauliflower, 
Chinese cabbage, broccoli that form the staple diet for large portions of many 
countries populations. It thrives under extremely varied agro climatic 
conditions prevailing in India and it reproduces year round and completes 13-
14 generations (Jayarathnam, 1977) and likely does not over winter (Harcourt, 
1960, 1986, Butts and McEwen, 1981). However, Dosdall (1994) reported that 
populations of DBM could survive at least under mild winter conditions. 
Outbreaks of P. xylostella have occurred frequently in various parts of 
the world (Talekar and Shelton, 1993) that resulted in severe losses (Javier, 
1992, Shelton, 2001) and the cost of control is about $ 1 billion (Talekar and 
Shelton, 1993). In September, 2006 outbreak of DBM has occurred on 
cauliflower in peri urban area of Aligarh district (U.P.), India (Ahmad et al, 
2008), where the farmers plough down their field with out harvest. 
Widespread increased use of insecticides against P. xylostella led to 
elimination of natural enemies (Ooi and Sudderuddin, 1978, Talekar and 
Shelton, 1993, Xu et al., 2004) and the development of insecticide resistance 
against a range of insecticides are reported by a number of workers (Verma and 
Sandhu, 1968, Kama, 1986, Tabashnik et al, 1987, Altman, 1988, Talekar and 
Shelton, 1993). Resistance to B. thringiensis is also known to exist world wide 
(Tabashnik et al, 1990, Sayyed et al, 2001). 
P. xylostella occurs throughout the year wherever its host plants are 
grown. DBM larvae feed on all plants in the crucifer family especially cole 
crops: cabbage, Brassica oleracea L. subsp. capitata, cauliflower, B. oleracea 
L. subsp. botrytis, kohlrabi, B. oleracea L. subsp. gongylodes, yellow mustard, 
B. campestris (L.) and B. napus (L.), Indian mustard, B. juncea (L.) and on 
several green house plants (Reddy et al, 2004). Its natural host range is limited 
to cultivated and wild Brassicaceae that are characterized by having 
glucosinolates, and sulfur containing secondary plant compounds (Sarfaraz et 
al, 2005). P. xylostella also fed on different crucifer weeds, including yellow 
rocket, B. vulgaris, shepherds purse, Capsella bursa pastoris, pepper weed, 
Lepidium sp. and wild mustards, Brassica spp., which serve as important 
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alternate hosts for the pest especially in spring before crucifer vegetable crops 
are planted (Talekar and Shelton, 1993, Capinera, 2001). In general, P. 
xylostella larvae are reliant on their mothers for host selection and sometimes 
may feed on 'neutral' non-host plants e.g. sugar snap peas, Pisum sativum (L.) 
(Lohr and Kahuthia-Gathu, 2002). 
Heong et al. (1982) studied population dynamics of major pests of 
cabbage and their natural enemies in an insecticide free area, which indicated 
that P. xylostella (L.) and C. binotalis Zell. reached peak numbers in different 
seasons and under favourable meteorological conditions. P. xylostella was 
reduced below economic injury level by its parasites, Apanteles plutellae Kurd. 
and Tetrastichus sokolowskii Kurd. Devi and Raj (1991) showed that P. 
xylostella was present in increasing numbers from March onwards with at the 
end of March and early April. The peak population coincided with the active 
vegetative/flowering and late growth stages of rabi season crops. The most 
favourable conditions for the yponomeutid were at maximum and minimum 
temperatures of 17.9°-22.8° and 10°-11.9°C, respectively. 
Okada (1991) determined the mortality factors of egg, larvae and pupae 
of P. xylostella. Adult population densities increased from mid-April to early 
June and decreased from late June to late July. During the period of increase, 
the mortality rates for the immature stages caused by parasitoids were low and 
were considerably higher during the period of decrease. The rate of parasitism 
by the larval parasitoid, A. plutellae (C. plutellae) and the pupal parasitoid, 
Diadromus collaris (both specific parasitoids of this host) were high from mid-
June to mid-July, when the host was abundant. The rate of parasitism by the 
egg parasitoid, Trichogramma chilonis increased after late June, when the host 
was less abundant. A high rate of parasitism was also shown by T. sokolowskii, 
a larval-pupal parasitoid after late July, when the host was less abundant. The 
results of Abro et al. (1994) indicated that population of P. xylostella on the 
summer cauliflower crop was significantly greater than those on the winter 
crop. The population on cabbage was significantly less than that on 
cauliflower. Generally, cauliflower and cabbage were the preferred host crops 
for feeding and population development of P. xylostella, followed by radish 
and turnip. While, Kuwahara et al. (1995) used traps baited with a sex 
pheromone lure and captured a number of P. xylostella all year round 
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regardless of different climatic conditions such as dry and rainy seasons. The 
population density was clearly different between the two fields indicating that 
the number of emerging insects varied from place to place even in the same 
season. The population density declined sharply with the harvest of cruciferous 
vegetables and recovered several weeks after the harvest. 
Kandoria et al. (1996) reported that larvae of P. xylostella were found 
infesting Brassicaceae host plants throughout the year in Punjab, India. A peak 
was recorded from September to October where the maximum population (35 
per plant) was observed during September and the minimum (1.73 per plant) 
during May. The pupal population was greatest (1.75) during September and 
lowest (0.01) during July. The maximum number of adults (24.25) was found 
to be attracted to light traps in October. However, Devjani and Singh (1999) 
indicated that the maximum abundance of P. xylostella was observed during 
March. Numbers of larvae were correlated with ambient temperature, relative 
humidity and rainfall. Biology of P. xylostella was also studied at 23±1°C and 
45±2 percent relative humitdity, which revealed that the period of incubation 
and larval, pre-pupal, pupal and adult longevity were 2.18, 10.5, 1.6, 6.86 and 
16.7 days, respectively. The mean fecundity was 153 eggs per female. 
Wan (1970) made certain observations on the bionomics of P. xylostella 
(L.) during an outbreak on Brassica spp. at 26.4±2.7°C and 86±14 percent 
relative humidity. The egg stage lasted an average of 2.1 days, the first three 
larval instars 1.1, 1.2 and 1.4 days, respectively and the fourth instar 1.7 days 
including a pre-pupal stage of 0.6 days. The mean pupal period was 3.9 days 
and the total life cycle from oviposition to adult emergence was completed in 
10 days. The food provided for the larvae during these observations was fresh 
leaves of B. rapa while, the adults were supplied with water and 2 percent 
sugar solution, under these conditions the life span of adult females averaged 9-
12 days and males lived for a similar period. Mating usually occurred 24 h after 
emergence, and the pre-oviposition period averaged 1.3 days, and mating took 
place only once. Eggs were laid mainly between 2 p.m. and 8 p.m. whereas, 
maximum numbers being laid on the I day of oviposition. The average number 
of eggs/fertilized female was 155, though over 300 were occasionally recorded, 
while the actual fecundity of the fertilized females was about 70 percent of 
their potential reproductive capacity. A significant correlation was noted 
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between the fecundity of emerging adults and pupal weight or length. During 
the epidemic phase of the outbreak of the insect, larvae were found in the field 
mainly on young and expanded leaves, of Brassica spp. Larval numbers varied 
from 1,024,800 to 23,277,600/acre and complete skeletonization occurred 
when numbers exceeded 20,000,000/acre. Two generations developed during 
the epidemic phase the third being very much smaller. Parasitism of the larvae 
by A. plutellae Kurd, was nil at the beginning of the outbreak, reached 82.7 
percent 6-7 weeks later. There was evidence to suggest that the infestation was 
due to the previous use of non-selective insecticides in the locality. 
Pena (1976) studied on biology of P. xylostella (L.) at 14-23°C, average 
18°C and 60-80 percent relative humidity and showed that, the egg stage 
averaged 6.48 days, four larval instars averaged 6.18, 5.1, 4.52 and 4.88 days 
respectively, pupal stage 13.38 days and the adults lived for up to 43-52 days 
(average about 35 days). At a constant temperature of about 20°C and 70 
percent relative humidity, the egg stage averaged 5.79 days, the four larval 
instars averaged 4.47, 2.78, 3.39 and 4.5 days, pupal stage 9.07 days and adults 
lived for 13-19 days (average of about 17.67 days). The ratio of males to 
females was 1:1.5. Females laid an average of 162.57 eggs and when they were 
confined in small glass jars, laid about two thirds of their eggs on the glass 
walls and about one third on the cabbage leaf provided. 
Ko and Fang (1979) reported that there were 9-14 generations per year, 
1-2 percent of P. xylostella gave rise to 9 generations and 20-30 percent to 14 
generations. The greatest overlap of generations derived from a single pair 
reared from October onwards occurred in the following September. A 
generation lasted only 9-10 days under the most favourable temperature 
conditions but 110 days in winter. All development stages were present in the 
field throughout the year. The average survival rates of eggs, larvae and pupae 
throughout the year were 75.6, 80.2 and 93.6 percent, respectively. The 
relationship between development time (Y) and temperature (X) for the egg, 
larval and pupal stages was shown by the equations Y - 1997X-2.0625, Y = 
4345X-2.0258 and Y = 2427X-2.0025. 
Bhalla and Dubey (1986) studied the biology and ecology of the P. 
xylostella on cabbage and cauliflower and results revealed that at temperatures 
fluctuating between 16.1° to 34.1°C and relative humidity between 29 to 63.5 
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percent the life cycle of the male and female was 27.95 and 35.64 days in the I 
generation and 25.30 and 29.50 days in the second generation, respectively. 
Observations over more than 10 years in the field revealed that the pest 
seriously damaged the cabbage seed crop during September and October in dry 
cold areas but was seen only in small numbers on off season cabbage and 
cauliflower crops grown during wet months (June-September) and on the 
cauliflower seed crop in December-May. The braconid, A. plutellae and the 
ichneumonid, D. fenestrale were found parasitizing larvae and pupae, 
respectively of JP. xylostella. 
Salinas (1986a) reported that P. xylostella attacks a wide range of 
crucifers, including Brassica weeds. Under variable temperatures of 12-25°C 
and relative humidity of 45-95 percent, the mean life cycle and life span of P. 
xylostella was 76.14 and 35.00, days respectively and under constant 
conditions of 20°C and 75 percent relative humidity, life cycle and life span 
was 47.08 and 17.67 days, respectively. An increase in temperature resulted in 
a decrease in the developmental time of all stages from egg to adult. Salinas 
(1986 b) also studied the development of P. xylostella reared on cabbage leaves 
under constant and variable temperatures at 20±1°C, LD 16:8 and a relative 
humidity of 44-55 percent during the day and up to 14 percent higher during 
the night. The total life cycle was 41.4 days and the adult life span 5-28 days 
(with a mean of 17.1 days). Under the same conditions the developmental 
period of larva was 12.7 days, pre-pupa 1.3 days and pupa 7.0 days. Under 
temperatures varying in the range of 18-22°C, the developmental period of 
larva was 12.7 days, pre-pupa 1.2 days and pupa 9.3 days. 
Kim and Lee (1991) reported that P. xylostella overwintered at any stage 
in its life cycle. Adult moths were caught most frequently in light-traps in May, 
mid-June to mid-July and late September to early November, with a decrease in 
numbers in late July to mid-September. In field cages, there were 10-11 
generations per year. Development time from egg to adult was 11-18 days in 
July and August, 19-23 days in June and September, 28-34 days in April, May 
and October and approximately 50-100 days in other months. Adults lived for 
4-11 days in summer and 7-17 days in spring and autumn. Individual females 
laid 50-240 eggs, with peaks of egg laying in spring and autumn. The amount 
of time spent as egg, larva and pupa was 2-3, 7-8 and 4-6 days, respectively, in 
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July and August, 4-5, 3-12 and 6-8 days in June and September: 6-18, 13-20 
and 8-14 days in March, April, May and October, and 12-40, 50-100 and 20 in 
winter. 
Developmental time of P. xylostella from egg to adult emergence varied 
between 11.93 and 21.2 days in the laboratory and was negatively correlated 
with temperature. Male pupal period was significantly greater than female 
pupal period. The mean duration of copulation was 36.7 minutes and insects 
mated on average 2.45 times per night. The average number of eggs laid by a 
female was 194.15 and more than 58 percent of eggs were laid on the 1^ ' night 
of egg laying. In the field, eggs were laid mostly on the lower surface of leaves 
and I instar larvae remained as leaf miners. After moulting to the II instar they 
became surface feeders and fed on the lower leaf epidermis. In a cage 
experiment cauliflower was preferred for egg laying and feeding over cabbage, 
Indian mustard, turnip, Chinese cabbage, broccoli or radish, although eggs 
were laid on all of these plants (Abro et al, 1992). 
Park et al. (1993) recorded the maximum peak of larval density in mid-
October to early November in 1991. Density was lower in 1992 and there was 
no prominent peak. There were 11-12 generations/year (5 in summer, 2-3 in 
spring and 2 in autumn). Periods required to complete a generation were 12-15 
days at 26.3°-27.4°C, 16-19 days at 22.5°-23.0°C and 27-33 days at 16.7°-
19.7°C. The effective accumulated temperature needed for the entire life cycle 
was 211.4-309.0 day-degrees. Eggs required 3.1-4.2 days at 24.9°-27.6°C, 5.1-
5.4 days at 21.0°-22.2°C and 7.2-7.8 at 15.2°-19.2°C to hatch. The larval stage 
was completed in 5.4-6.7 days at 25.4°-28.0°C, 8.2-8.5 days at 22.7°-23.1°C 
and 10.7-18.3 days at 16.7°-19.5°C. The pupal period was completed in 4.4-6.0 
days at 22.0°-28.0°C, 7.2-7.3 days at 20.6°-21.4°C and 8.7-9.2 days at 17.6°-
18.6°C. Average adult longevity was 9.5-10.8 days at 25.6°-27.9°C, 12.1-12.6 
days at 20.3°-22.8°C and 13.2-14.2 days at 18.1°-19.9°C. The mean number of 
eggs laid/female was 118.0-145.2 at 24.4°-28.1°C, 154.6-174.8 at 18.2°-22.rC 
and 116.0-144.3 at 14.0°-15.8°C. 
Kandoria et al. (1994) studied the biology of P. xylostella on 
cauliflowers at room temperature. The egg, larval, pre-pupal and pupal periods 
varied from 1.8 to 5.4, 6.5 to 24.7, 0.7 to 2.4 and 3.3 to 11.4 days, respectively, 
during different months of the year. The corresponding values for their survival 
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were 25-95, 20-80, 50-100 and 50-95 percent, respectively. Pre-copulatory, 
pre-oviposition, oviposition and post-oviposition periods were 7.2-63.2 h, 0.7-
3.5, 2.4-21.4 and 0.5-7.5 days, respectively. The average fecundity was 73.7 
eggs during June and 256.4 eggs in December and January. Mean longevity of 
adult males and females with food was 5.7-32.4 and 4.3-33 days, respectively 
and without food 1.3-18.2 and 1.2-19.6 days, respectively. In the laboratory, 
the male to female ratio was 1:1.1 and in the field it was 1:1.2. The 
yponomeutid had 18 generations per year and the generation period varied 
fi-om 12 days in June to 44 days during December and January. Devi and Raj 
(1995) investigated the biology and parasitization of P. xylostella infesting 
cauliflowers. The incubation, larval and pupal periods were 3-4, 5-7, 10-12 
days, respectively. Aduh longevity was 4-5 days. The total life cycle ranged 
fi-om 22-28 days during April-May, at 28.1°C (mean maximum temperature). 
Larvae collected from the field were parasitized by D. fenestrale and the extent 
of parasitization varied from 73.33 to 86.67 percent. 
Saito (1998) surveyed 208 cruciferous crop fields for P. xylostella and 
reported larvae and pupae survived until January or February but no live insects 
were found in April after each winter season in cabbage fields. Under 
greenhouse conditions without heating P. xylostella hibernated during the 
winter of 1984-85, but not 1985-86. Adults were most tolerant to low 
temperatures and survived for more than 2 months at 5° and -5°C. Larvae had a 
relatively low tolerance to low temperatures. Light and pheromone trap catches 
peaked mostly in summer (July or August), but in some years there was a 
single peak in May or June. The parasitoids, C. plutellae, D. subtilicornis and 
O. sokolowskii were the most important natural enemies in cabbage fields. The 
weed, Radicula sylvestor acted as a food plant of P. xylostella during the 
spring. 
Devjani and Singh (1999) studied on the biology of P. xylostella at 
23±1°C and 45±2 percent relative humidity. The result revealed that the period 
of incubation and larval development, the duration for the development of pre-
pupa, pupa and adult longevity were 2.18, 10.5, 1.6, 6.86 and 16.7 days, 
respectively. The mean fecundity was 153 eggs per female. However, Sharma 
et al. (1999) found incubation period of eggs of P. xylostella was 3-4 days. 
Larval periods for I, II, III and IV instars were 2-3, 1-1.5, 1-2 and 1.5-2.5 days, 
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respectively. The pupal period ranged from 3-5 days. Longevity of males and 
females was 6-9 and 14-20 days, respectively. Pre-oviposition, oviposition and 
post-oviposition periods were 2-4, 6-7 and 5-14 days, respectively. Fecundity 
of the female varied from 147 to 251 eggs. D. fenestralis (Halmgrew) and A. 
cirphicola (Bhatnagar) were the major parasitoids operating in the area. 
Iga (1985) studied the seasonal incidence of P. xylostella in cabbage 
fields and constructed life tables. The population density was high during 
spring and late autumn but very low in summer and winter. A rapid reduction 
in the density of the pest in summer resulted mainly from an increase in egg 
mortality caused by the egg parasite, T. chilonis and predation by ants. A large 
density increase in spring resulted from the prolongation of different 
development stages during winter when natural enemies were absent. 
Liu et al. (1985) collected the larvae of P. xylostella from 3 localities in 
Taiwan and were reared on kale at 25°C, 60 percent RH and 12:12 hr LD and 
reported that intrinsic rate of increase (r^) was 0.2281, 0.1884 and 0.1514 for 
the populations from Hsihu, Taitung and Banchau, respectively. When P. 
xylostella was reared at 20°, 25° and 30°C, the highest net reproductive rate (Ro 
= 90.66) and the longest mean generation time (T = 22.69 days) were observed 
at 20°C. The intrinsic rate of increase of this population was 0.2389 at 30°C, 
0.2130 at 25°C and 0.1986 at 20°C. Whereas, 74 life tables of P. xylostella on 
cabbage were compiled by Harcourt (1986) from population and mortality data 
during an 11-year period from 1960-70. The result showed that there were 4 
generations a year in 7 of the 11 years and 5 generations in the remaining 4 
years. The population increased early in the season peaked in generations 3 or 4 
and then declined. Rainfall, parasites and reduced fecundity limited 
intrageneration survival. The major parasites were ichneumonids: D. insulare 
and D. subtilicornis and the braconid, M. plutellae. D. insulare was the most 
abundant and predominant among the species. 
Sivapragasam et al. (1988) obtained two distinct generations per crop 
and no noticeable difference in population fluctuation was observed in 
unsprayed plots between years. The survivorship patterns in all plots in both 
years were Type 2 based on Deevey's (1947) classification. Life table studies 
showed that the major mortality factors in the egg stage were the parasitoid, 
Trichogramma spp. and unknown factors including rainfall in the early larval 
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stage and mortality in the later larval stage by the parasitoid, C. plutellae. Pupal 
stage was regulated by unknown mortality factors and the parasitoid, D. 
subtilicornis. Adult mortality (which was determined in generation 2) was 
relatively higher in unsprayed than in sprayed plots. 
Wakisaka et al. (1991) constructed life tables for P. xylostella in a 
broccoli field in June, September and October 1989. One-third to one-half of 
individuals disappeared in the early immature stages. Mortality was less in the 
plots with no rainfall indicating that washing off of eggs and larvae by rain and 
drowning of young larvae after rain were major mortality factors. The 
percentage parasitism by the larval parasitoid, C. plutellae and the pupal 
parasitoids, D. subtilicornis and T. sokolowskii was high in .summer. 
Temperatures higher than 30°C tended to delay development and reduced the 
survival of immature stages and the fecundity of females. When the moth was 
fed on the wild cruciferous weed, C. bursa pastoris, the reproductive capacity 
was lowered as compared with that when fed on cultivated crucifers; broccoli, 
cabbage and Chinese cabbage. 
Wang and Chen (1992) studied life tables for P. xylostella and found 
that parasitization of pupae was the most important mortality factor. Natural 
enemies of P. xylostella were adversely affected by cypermethrin and 
dichlorvos. Biology and survival rate of 2 strains of P. xylostella derived fi-om 
2 populations collected from Taiwan after rearing in the laboratory for 14 and 
15 generations, respectively with chlorfluazuron and without selection was 
studied by Yamada et al. (1993) and suggested that strains which had re-
acquired high levels of resistance to had a higher intrinsic rate of natural 
increase than unselected strains, shorter generation times and a higher 
reproductive rate. 
Reddy and Singh (1998) constructed the life table for five generations 
on cabbage. Parasitism by C. plutellae was 13.13, 21.42, 34.17, 29.59 and 
36.17 percent during the I, II, III, IV and V generations, respectively in the I 
larval instar, while during the second larval instar it was 18.33, 21.42, 32.43, 
35.84 and 43.33 percent. Generation survival ranged from 0.09 to 0.14. The 
result showed by Reddy and Singh (1998) that the net reproductive rate 
representing the total female birth was 3.6078. Population of P. xylostella 
increases, with intrinsic rate of increase of 0.0584 and finite rate of increase (k) 
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was 1.0602 females per female per day. The mean generation time (T) was 
22.05 days and the population on reaching stable age distribution comprised 
approximately more than 98 percent of immature stages. From the stable age 
distribution instantaneous birth rate (b) was 0.1639 and death rate of the 
population was 0.1054. 
YuRong et al. (2000) collected data by systematic surveys in the field 
and constructed the natural life tables of two continuous generations of P. 
xylostella L. on flowering Chinese cabbage. The resuhs showed that the 
population trend indices of the two generations of DBM were 11.9 and 24.4, 
respectively, in spring and autumn. Parasitoids played an important role in the 
control of natural populations of DBM. In spring, O. sokolowskii (Kurdjumov) 
for which the exclusive index of population control (EIPC) reached 8.28, while 
the EIPC of C. plutellae (Kurdjumov) was 4.85. In autumn, C. plutellae was 
the second most important factor influencing the natural population of DBM, 
for which the EIPC was 3.67. The low EIPC (1.2) of O. sokolowskii resulted in 
a high population increase of DBM in autumn. 
Justin et al. (2001) reared fi-eshly hatched larvae or freshly emerged 
adults of P. xylostella on cauliflower, cabbage and Indian mustard to construct 
the life table. Average duration of immature stages were 21, 22 and 25 days on 
cauliflower, cabbage and Indian mustard, respectively. Survival from egg to 
adult emergence was 97.6, 98.4 and 93.6 percent, while maximum longevity of 
the reproductive female was 16, 16 and 15 days on the aforementioned crops, 
respectively. Gross reproductive rate of 89.16, 115.40 and 86.78 eggs/female 
were recorded on cauliflower, cabbage and Indian mustard, respectively. DBM 
had a capacity for natural increase of 0.16, 0.17 and 0.13 females/female/day 
on the same crops, respectively. The results also revealed that with a daily 
finite rate of increase of 1.18, 1.19 and 1.14 females/female/day. DBM 
populafion would be multiplied by 3.18, 3.38 and 2.50 times per week, 
respectively. 
Life table of P. xylostella was constructed by Syed and Abro (2003) on 
Brassica vegetables; B. oleracea botrytis, B. oleracea capitata, B. oleracea 
Italica, B. napus, B. campestris, B. chinensis perkensis and R. sativus. The 
shortest and longest larval period of 9.45 and 10.95 days were recorded on B. 
oleracea botrytis and R. sativus, respectively. Percent larvae pupating did not 
22 
differ significantly. Lowest and highest percent survival to adult stage was 58.3 
and 76.7 percent on B. napus and B. oleracea Italica. Whereas, shortest and 
longest pupal period was recorded as 6.48 and 5.84 days on B. napus and B. 
oleracea capitata fed larvae. Highest pupal mass and fecundity was on B. 
oleracea fed larvae as compared to other Brassica vegetable crops. Similarly, 
P. xylostella females preferred to lay more eggs on B. oleracea botrytis as 
compared with other hosts. Females preferred to lay eggs on lower side as 
compared to upper side of the leaves. Net reproductive rate (i?o) was highest 
(89.71) when P. xylostella fed on B. oleracea botrytis, while the lowest of 
26.77 on B. napus. The intrinsic rate of increase (r^) and finite rate of increase 
QC) were highest and lowest on B. oleracea botrytis and B. campestris, 
respectively. 
Hemchandra and Singh (2003) studied the life table and age specific 
table P. xylostella reared on cauliflower under laboratory conditions 
(22.2±1.0°C and 62.2±3.13 percent relative humidity). Mortality was only 17.3 
percent at the egg stage and 60 individuals survived firom the egg stage up to 
adult emergence. The longest duration of the egg, larval and pupal stages was 
3, 10 and 5 days, respectively. The female moth lived for 14 days. The female 
laid eggs from the 21^' day of pivotal age until the 34* day. The females 
contributed the highest number of female progenies (70.013) on the 24* day of 
pivotal age. The net reproductive rate/generation was 27.19 females/female, 
with the approximate length of generation time was 26.54 days. The intrinsic 
rate of increase in population per day was 0.12 female progenies per female 
whereas, the finite rate of increase per day was 1.13 female progenies per 
female. The life expectancy of P. xylostella declined gradually with age. Again, 
Hemchandra and Singh (2004) explain the rate of increase and stable age 
distribution for the P. xylostella on knol khol. The net reproductive rate (Ro) 
was 19.2303 representing total birth with a mean length of generation (Tc) 
being 32.542 days. The population increase with intrinsic rate of increase (rm) 
was 0.0921 and finite rate of increase (X) was 1.0964 females per female per 
day. On reaching the stable age distribution the population comprised mainly of 
immature stages and further life at the time of adult emergence was reduced 
from 9.51 to 5.27. Life table and female fecundity of P. xylostella on B. juncea 
var. rugosa was constructed by Hemchandra and Singh (2005) and found that 
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the net reproductive rate (RQ) was 24.916, with a mean length of generation 
(Tc) of 29.428. The intrinsic rate of increase (v„i) was 0.1109 and finite rate of 
increase of 1. Upon reaching the stable age distribution the population 
comprised mainly of immature stages and the life duration at the time of adult 
emergence was reduced from 7.59 to 5.47 days. 
Temperature is one of the most important factors that influence the 
development rate of arthropods or rate of its change because the organism 
requires a certain amount of heat to develop from one point in their life cycles 
to another and often expressed in unit called degree days (DD). It provides a 
valuable tool in forecasting infestation, monitoring and timing of insecticide 
application (Zalom et al. 1983). Therefore, relationship between temperature 
and rate of development is thus essential to the formulation of phonological 
models or studies of population dynamics of insects. Therefore, Umeya and 
Yamada (1973) studied the development of four strains of P. xylostella (L.) in 
relation to temperature. The thresholds of development for the four strains were 
9.5°, 8.6°, 7.5° and 7.4°C and the thermal constants 229, 250, 313 and 294 day-
°C, respectively. Covariance analysis showed that the regression coefficient (b) 
was significantly different between the four strains and also a significant 
difference in the regression intersect (a) between the strains. However, there 
were no other significant differences between any other combinations of 
strains. The results appear to indicate only slight local differences in the 
development of the strains. The differences, however, are not related to the 
geographical origin of the strains or to the climatic gradient. However, P. 
xylostella (L.) required 293 day-°C above a threshold of 7.3 °C to complete one 
generation (Butts and McEwen, 1981). The temperature requirement for the 
larval stage of Artogeia rapae crucivora (Boisd.), T. ni (Hb.) and S. litura (F.) 
on cauliflower was 258 day-°C above a development threshold of 5.8 °C, 203 
day-°C above 9.8 °C and 261 day-°C above 10.9 °C, respectively (Chen and 
Su, 1982). 
Samthoy et al. (1989) compared the development and reproductive rate 
of strains of P. xylostella from Japan and Thailand at 17°, 20°, 23°, 26° and 
29°C. The development period of the immature stages and longevity of adults 
of the Thailand strain were similar to those of the Japanese strain. However, the 
pre-oviposition period was longer and the fecundity was less in the Thailand 
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strain than in the Japanese strain at all temperatures. The intrinsic rate of 
increase of the Thailand strain was always lower than that of the Japanese 
strain. The development threshold temperatures for immature stages and adults 
were 9.9° and 8.4°C, respectively in the Thailand strain, and 9.2° and 8.8°C, 
respectively in the Japanese strain. The thermal constants of immature stages 
and adults maturation were 294.1 and 86.5 day-°C, respectively in the Thailand 
strain, and 294.1 and 59.6 day-°C, respectively in the Japanese strain. While, 
the threshold temperature for development from I instar larva to adult 
emergence was 13.8°C and 7.5°C for embryonic development. The effective 
heat sum from egg to adult emergence was 208 day-°C (Chung et al, 1989). 
Choi et al. (1992) found that the population densities of larvae and 
pupae of P. xylostella were greatest from late June to early July in Chinese 
cabbage fields. The lengths of the development period from egg to adult were 
38.1, 21.7, 16.3 and 12.3 days in females and 38.6, 22.3, 16.5 and 12.5 days in 
males at 15°, 20°, 25° and 30°C, respectively. The mean threshold temperature 
of egg-pupa was 8.1°C, and the total effective temperature was calculated as 
274 day-°C. P. xylostella is, therefore, thought to have 8.4 generations a year. 
However, Park et al. (1993) observed a peak of larval density of P. xylostella in 
mid-October to early November in 1991 and lower in 1992, with 11-12 
generations/year (5 in summers, 2-3 in springs and 2 in autumn). Periods 
required completing a generation were 12-15 days at 26.3°-27.4°C, 16-19 days 
at 22.5°-23.0°C and 27-33 days at 16.7°-19.7°C. The effective accumulated 
temperature needed for the entire life cycle was 211.4-309.0 day-°C. Eggs 
required 3.1-4.2 days at 24.9°-27.6°C, 5.1-5.4 days at 21.0°-22.2°C and 7.2-7.8 
at 15.2°-19.2°C to hatch. The larval stage was completed in 5.4-6.7 days at 
25.4°-28.0°C, 8.2-8.5 days at 22.7°-23.1°C and 10.7-18.3 days at 16.7°-19.5°C. 
The pupal periods were completed in 4.4-6.0 days at 22.0°-28.0°C, 7.2-7.3 
days at 20.6°-21.4°C and 8.7-9.2 days at 17.6°-18.6°C. Average adult longevity 
was 9.5-10.8 days at 25.6°-27.9°C, 12.1-12.6 days at 20.3°-22.8°C and 13.2-
14.2 days at 18.1°-19.9°C. The mean number of eggs laid/female was 118.0-
145.2 at 24.4°-28.1°C, 154.6-174.8 at 18.2°-22.1°C and 116.0-144.3 at 14.0°-
15.8°C. 
Shirai (2000) investigated temperature tolerance in nine populations of 
P. xylostella (Linn.) from tropical and temperate regions of Asia. At all rearing 
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temperatures between 15° and 35°C, no clear differences were observed in 
female egg production or larval development between tropical and temperate 
populations. Thus, tropical populations did not show a high temperature 
tolerance superior to that of the temperate populations. In all populations, the 
net reproductive rate (number of new females bom per female) largely 
depended on the number of eggs laid per female, and egg production 
significantly decreased with increasing temperature (P<0.001). Larval 
developmental rate also showed a significant positive correlation with 
temperature (P<0.001). Percentage hatch of eggs and larval survival did not 
show a significant correlation with temperature: hatching was constant between 
15° and 32.5°C, but considerably lower at 35°C. Larval survival was similar 
between 15° and 30°C, appreciably lower at 32.5°C and declined to 0% at 
35°C. 
Liu et al. (2002) determined survival and development time from egg to 
adult emergence of the P. xylostella (L.) at 19 constant and 14 alternating 
temperature regimes from 4° to 40°C. P. xylostella developed successfully 
from egg to adult emergence at constant temperatures from 8° to 32°C. At 
temperatures from 4° to 6°C or from 34° to 40°C, partial or complete 
development of individual stages or instars was possible, with III and IV instars 
having the widest temperature limits. The insect developed successfully from 
egg to adult emergence under alternating regimes including temperatures as 
low as 4°C or as high as 38°C. The degree-day model, the logistic equation, 
and the Wang model were used to describe the relationships between 
temperature and development rate at both constant and alternating 
temperatures. The degree-day model described the relationships well from 10° 
to 30°C. The logistic equation and the Wang model fit the data well at 
temperatures <32°C, but only the Wang model described the decline in 
development rate at temperatures >32°C. Under alternating regimes, all three 
models gave good simulations of development in the mid-temperature range, 
but only the logistic equation gave close simulations in the low temperature 
range, and none gave close or consistent simulations in the high temperature 
range. The distribution of development time was described satisfactorily by a 
Waybill function. These rates and time distribution functions provide tools for 
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simulating population development of P. xylostella over a wide range of 
temperature conditions. 
Golizadeh et al. (2007) studied the effect of temperature on 
development of the P. xylostella (Linn.) at eight constant temperatures (10°, 
15°, 20°, 25°, 28°, 30°, 32.5° and 35°C), with relative humidity of 65 percent 
and a photoperiod of 14:10 (L:D) hours on two host plants, cauliflower, B. 
oleracea var. botrytis and cabbage, B. oleracea var. capitata. The low 
temperature threshold was estimated to be 7.06°C and 7.84°C and the thermal 
constant was 263.74 and 261.58 degree-days for P. xylostella on cauliflower 
and cabbage, respectively, using the linear model. Data were fitted to various 
nonlinear temperature-dependent models, and the low and high temperature 
thresholds, as well as the optimum temperature for development, has been 
estimated and suggested that linear and Briere-2 models are suitable for the 
description of temperature-dependent development of P. xylostella on two host 
plants. 
Golizadeh et al. (2008) also determined the temperature-dependent 
development of Diadegma anurum (Thomson) P. xylostella L. reared on 
cabbage, B. oleracea L. var. capitata, and cauliflower, B. oleracea L. var. 
botrytis. The developmental periods of immature stages were recorded at five 
constant temperatures (15°, 20°, 25°, 30°, and 35°C). The population of D. 
anurum and its host failed to survive at 35°C. Mean total development time of 
D. anurum was not significantly different on two host plants except at 25 °C. 
The developmental zero (low temperature threshold) was estimated to be 7.0° 
and 6.9°C, and the thermal constant was 282.3 and 277.7 DD on cabbage and 
cauliflower, respectively, using the linear model. Data were fitted to four 
nonlinear temperature-dependent models. They accepted and recommended 
Briere-1 model for the description of temperature-dependent development of Z). 
anurum. The life table of D. anurum was also studied at 25°C constant 
temperature. Its intrinsic rate of increase (r^) and mean generation time (7) 
were estimated to be 0.169 and 16.083 d on cabbage, respectively. The life 
table parameters of Z). anurum can be used to develop the models of population 
dynamics and prediction. 
It is thought that oviposition of P. xylostella is mediated by several 
sensory modalities including vision, chemoreception and mechanoreception. 
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Therefore, Reed et al. (1989) investigated that cruciferous crop; B. napus, B. 
juncea and Sinapis alba stimulate oviposition in P. xylostella. Aerial portions 
of 4 to 6 week old plants were extracted and fractionated using ion-exchange 
liquid chromatography. The oviposition stimulants were identified as 
glucosinolates, which are found in all Brassicaceae species. A test with 8 
different glucosinolates demonstrated that the adults do not discriminate 
between glucosinolates with different side chain structures. However, in tests 
using allylglucosinolate, the oviposition response was dose dependent. 
The results of Uematsu and Sakanoshita (1989) suggest that cabbage 
leaves are basically attractive to ovipositing females of P. xylostella, however, 
the wax bloom on leaves suppresses oviposition and decreases the adhesiveness 
of eggs. Renwick and Radke (1990) studied oviposition by P. xylostella and P. 
rapae on various host plants which showed that despite the similarity in their 
host ranges, different chemical cues were probably involved in the acceptance 
or rejection of potential hosts. P. xylostella was shown to depend largely on the 
presence of stimulatory compounds and was not affected by deterrents that 
caused avoidance of plants in P. rapae. It is concluded that a wide range of 
compounds may be stimulatory to P. xylostella whereas P. rapae has more 
specific requirements for acceptance of a plant for oviposition. 
Talekar et al. (1994) examined the oviposition behaviour of P. 
xylostella and observed that females lay eggs mainly on cabbage plant outer 
leaves. On outer leaves, eggs were laid mainly on the upper leaf surface: on 
inner leaves they were laid on the lower leaf surface. Egg density decreased 
from outer to inner leaves. Within a range of 1-11 trichomes/9 mm leaf area, 
the number of eggs laid on Chinese cabbage leaves increased with trichome 
density. Most oviposition activity took place within two hours after sunset this 
period coincides with maximum mating related flying activity. During daylight 
hours when the plutellid does not normally lay eggs initiation of darkness 
stimulated oviposition. However, during the night when the pest normally lays 
eggs artificial light did not reduce oviposition activity. 
Idris and Grafius (1996) studied the effects of wild and cultivated 
Brassica on oviposition, egg hatch, larval survival and infestation level of P. 
xylostella. Oviposition by P. xylostella was highest on the Brassica crops, 
especially broccoli and lowest on wild Brassica especially Berteroa incana and 
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Erysimum cheiranthoides. Percentage egg hatch was not significantly different 
among host plants. Larval survival was generally higher on cultivated ^ra^j'/ca 
crops than on wild and there was no survival on B. vulgaris. Development time 
of larvae of P. xylostella was generally longer on the wild than on the 
cultivated Brassica crops. 
Ulmer et al. (2002) indicated that Brassica plants expressing the glossy 
leaf wax characteristic showed some resistance to P. xylostella. Oviposition 
and I instar feeding preferences were examined on B. rapa (B. campestris) 
near-isogenic lines, glossy and waxy. Although females did not discriminate 
between waxy and glossy plants for oviposition, there was a strong preference 
among I instar larvae for waxy plants in the choice experiment. There were no 
significant differences in larval survival or IV instar feeding preference on any 
of the lines tested. 
Uematsu and Yoshikawa (2002) revealed that mating of P. xylostella 
primarily began within one or two hours after sunset, although it also occurred 
during day time in winter. Mating time was longer in cool seasons than in 
warm seasons. In June to October, oviposition occurred mainly at night with a 
peak at one or two hours after sunset. In November however, some eggs were 
laid during day time. Day time oviposition was observed more fi-equently in 
colder seasons. It is suggested that a low night temperature suppresses the 
normal behaviour of the diamondback moth and changes the nocturnal 
oviposition pattern to a diurnal one. The daily pattern of mating behaviour 
coincided most closely with that of egg-laying behaviour. 
Reddy et al. (2004) studied host plant-mediated orientation and 
oviposition by P. xylostella (L.) and its predator, Chrysoperla carnea 
(Stephens) in response to Brassica host plants: cabbage, {B. oleracea L. subsp. 
capitata), cauliflower {B. oleracea L. subsp. botrytis), kohl rabi {B. oleracea L. 
subsp. gongylodes) and broccoli {B. oleracea L. subsp. Italica). Results 
indicated that orientation of female DBM and C. carnea female towards 
cabbage and cauliflower was significantly greater than broccoli or kohlrabi 
plants. However, DBM and C. carnea males did not orient towards any of the 
host plants. In no-choice tests, oviposition by DBM did not differ significantly 
among the test plants, while C. carnea laid significantly more eggs on cabbage, 
cauliflower and broccoli than on kohlrabi. However, in free-choice tests, 
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oviposition by DBM was significantly greater on cabbage followed by 
cauliflower, broccoli and kohlrabi. The predation rates of DBM by C. carnea 
on kohlrabi and broccoli were not significantly different from one another, but 
were significantly higher than that on cabbage and cauliflower. When two 
types of plants, intact and injured, were available to adult DBM, female 
oviposition was significantly greater on injured plant leaves than on intact 
plants leaves. Similarly, C. carnea oviposition was significantly greater on 
injured plant leaves than on intact leaves. However, Hamilton et al. (2005) 
found no difference in the number of eggs laid by P. xylostella on various 
cultivars of broccoli or cauliflower but significantly more eggs were on Savoy 
King (cabbage) than any of the other cabbage cultivars tested. Larvae 
developed more rapidly and fed more and for longer on Green Coronet than 
Savoy King. Thus, Savoy King is more attractive to oviposition in the field; net 
impacts on the crop may be lessened to some degree through lower feeding 
proficiency of the larvae on that cultivar. However, females deposited more 
eggs on the stem near the soil-stem interface than on leaves (Sarfaraz et al, 
2005) and also suggested that DBM is capable of developing behavioural 
resistance through oviposition site selection to avoid lethal doses of foliar 
applied insecticides in the field. 
Planting of trap crops is one of the cultural methods used for pest 
management (Metcalf and Luckman, 1975). Trap cropping has been used for 
decades in several developing countries in efforts to control P. xylostella 
(Talekar and Shelton, 1993). Results of Srinivasan and Krishnamoorthy (1992) 
showed that Indian mustard found to be a preferred host for oviposition by P. 
xylostella and C. binotalis when compared with cabbage in laboratory studies. 
In 3 field trials with different planting patterns of both cabbage and mustard, 
cabbage grown alone supported significantly higher larval populations of both 
the pests in comparison with cabbage intercropped with mustard and resuhed in 
loss of marketability. A planting pattern of 15 rows of cabbage followed by 
mustard rows appeared to be the most promising for successful management of 
both pests and suggested that intercropped cabbages could be successfully 
raised during the rainy season without insecticidal application. 
Idris and Selvi (1997) studied the effects of to Brassica cultivars: B. 
juncea, B. alba [Sinapis alba], B. juncea var. rugose and B. alboglabra, wild B. 
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juncea (Indian mustard) or Cleome rutidosperma on feeding, development and 
egg production of P. xylostella. Wild Indian mustard and C. rutidosperma 
significantly prolonged developmental time for I instar larvae and pupal 
development compared to 4 cultivars. Development time for IV instar larva 
was significantly shorter when fed Indian mustard, B. juncea var. rugose or B. 
alboglabra than S. alba. The number of eggs laid by females was positively 
correlated with the weight of pupae. P. xylostella fed on B. juncea resulted in 
the greatest pupal weight and number of eggs produced, and larvae fed on B. 
alboglabra or C. rutidosperma resulted in the lowest weight or number of eggs. 
P. xylostella spent significantly less time feeding on wild than on cultivated 
host plants in no-choice tests. It is concluded that wild host plants may have 
higher concentrations of feeding attractants or stimulants. However, low pupal 
weight and numbers of eggs laid indicate poor host quality. 
Idris (1998) tested B. juncea [Indian mustard], B. juncea var. rugose, B. 
alba [S. alba], B. oleracea var. alboglabra [B. alboglabra] and C. 
rutidosperma as food plants for P. xylostella. The developmental times of 
larvae and pupal were significantly affected by the food plants. Larval 
developmental time was significantly longer (10.9 days) when fed on cultivated 
mustard than on the other food plants. The wild food plants seemed to prolong 
the developmental time of the pupae compared with the cuhivated hosts. There 
was a strong relationship between the numbers of eggs laid and pupae weight. 
Indian mustard appeared to be a good food plant, as it resulted in higher pupal 
weight and egg production. P. xylostella larvae fed for significantly shorter 
periods of time on C. rutidosperma and cultivated Indian mustard. In a choice 
test, larvae took about equal amounts of time to reach each food plant. 
However, they spent significantly longer feeding on Indian mustard. Guo Quan 
et al. (1998) also reported that female of P. xylostella preferred to lay their eggs 
on Indian mustard {B. juncea) and flowering Chinese cabbage (B. 
parachinensis) in comparison with radish {R. sativus), Chinese kale {B. 
alboglabra) and cauliflower {B. oleracea var. botrytis). Indian mustard was 
used as a trap crop and showed that Chinese kale cultivated at intervals of 5-10 
m with paired Indian mustard rows could decrease the population of P. 
xylostella and reduce insecticide applications. 
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Asman (2002) studied oviposition behaviour of P. xylostella and leek 
moth, Acrolepiopsis assectella (Z.) and showed that P. xylostella preferred 
Indian mustard, B. juncea (L.) over white cabbage, B. oleracea var. alba (L.). 
The leek moth did not show preference when offered leek, Allium porrum (L.) 
and chives, A. schoenoprasum (L.). However, the leek moth did prefer to 
oviposit on plants of a larger biomass over smaller plants. In both the small 
scale and the medium scale field studies the trap crops reduced the number of 
eggs laid on the primary crop. The total number of eggs laid in the monoculture 
and the trap crop treatments were the same in the small scale field cage study, 
but the females distributed their eggs differently. More eggs were laid on trap 
crops as compared with primary crops and this pattern was also validated in the 
medium scale field trials. She concluded that vegetation diversity such as 
enhancement of natural enemies could potentially increase the efficacy of trap 
cropping. 
Badenes-Perez et al. (2004) studied the oviposition preference and larval 
survival of P. xylostella (L) on potential trap crops as glossy and waxy coUards, 
B. oleracea L. var. acephala, Indian mustard B. juncea (L.) Czem, and yellow 
rocket, B. vulgaris (R. Br.) var. arcuata. More eggs were laid on the potential 
trap crops with the exception of waxy coUards than on cabbage. When P. 
xylostella was offered multiple hosts at the same time, numbers of eggs laid on 
glossy coUards, Indian mustard, and yellow rocket were 3, 18 and 12 times, 
greater than on cabbage respectively. Similarly, when P. xylostella was offered 
a single trap crop host and cabbage, numbers of eggs laid on glossy collards, 
Indian mustard and yellow rocket were 300, 19 and 110 times greater than on 
cabbage, respectively. They suggested differences in oviposition between the 
potential trap crops and cabbage were likely due to host volatiles, leaf 
morphology and colour or a combination of these factors, rather than to total 
leaf areas, leaf shape or plant architecture. Two choice tests indicated that plant 
volatiles were major factors in P. xylostella host preference. The percentage 
larval survival from egg to pupation was 22.2 percent on cabbage, 18.9 percent 
on waxy collards and 24.4 percent on Indian mustard; whereas survival was 
significantly lower on glossy collards (6.7 percent) and yellow rocket (0 
percent). Based on tests, it seems that yellow rocket may be the best candidate 
for use as a trap crop for P. xylostella because it is highly attractive for 
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oviposition but larvae do not survive on it. Contrary results obtained by Shelton 
and Nault (2004) when non-glossy collards used as a trap crop for P. xylostella 
(L.), in commercial fields of cabbage and were unsuccessful because it neither 
reduced the number of larvae on cabbage nor concentrated the insects on 
collards. In laboratory and outdoor screen house experiments, P. xylostella 
preferentially laid its eggs on the glossy-type B. vulgaris, a common biennial 
weed, when compared with broccoli and cabbage. Oviposition preference in the 
screen house trials varied from 24 to 66 fold for B. vulgaris. However, no 
larvae were able to develop on B. vulgaris. More importantly, cabbage plants in 
screen houses with B. vulgaris had fewer eggs laid on them than cabbage plants 
in screen houses without B. vulgaris. Therefore, it was suggest that B. vulgaris 
or another plant species that is highly attractive for egg laying, but on which P. 
xylostella larvae do not survive, may serve as a 'dead-end' trap crop and be 
more successful than trap crop types that may only have increased oviposition. 
Badenes-Perez et al. (2005a) compared oviposition preference and larval 
survival of the P. xylostella (L.) among cabbage, B. oleracea L. var. capitata, 
glossy collards, B. oleracea L. var. acephala, and yellow rocket, B. vulgaris 
var. arcuata, in different treatments of planting density, host plant age, 
intercropping and water stress. P. xylostella laid nearly twice as many eggs per 
plant in the high planting densities of glossy collards and yellow rocket than in 
the standard planting densities. Oviposition preference was positively 
correlated with plant age in cabbage, glossy collards and yellow rocket. Larval 
survival on cabbage was 1.9 times higher on 6-wk than on 12-wk-old plants 
whereas larval survival on collards was 12.1 times higher on the younger 
plants. No larvae survived on either 6- or 12-wk-old yellow rocket plants. 
Intercropping cabbage with either tomato, L. esculentum Mill, or fava bean, 
Viciafava L. did not reduce the number of eggs laid on cabbage. No significant 
differences in oviposition were found between water-stressed and well-irrigated 
host plants treatments. Again, Badenes-Perez et al. (2005b) evaluated yellow 
rocket, B. vulgaris var. arcuata, as a trap crop for P. xylostella (L.) in cabbage, 
B. oleracea L. var. capitata. Results indicated that the percentage of eggs laid 
on cabbage decreased as the percentage of yellow rocket in the treatment 
increased but this decrease was not significant beyond 20 percent of the plants 
being yellow rocket. In another year the numbers of P. xylostella larvae in field 
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plots of cabbage alone were 1.6-2.4 and 1.7-2.8 times higher than numbers in 
treatments with 10 and 20 percent trap crop, respectively. Further, Badenes-
Perez et al. (2006) reported that P. xylostella (L.) preferred highly to oviposit 
on yellow rocket, B. vulgaris var. arcuata, despite larvae not being able to 
survive on it suggesting it may have potential as a trap crop. In a no-choice 
green house experiment, P. xylostella laid 28 percent more eggs on B. vulgaris 
than on cabbage. Within the B. vulgaris plant, P. xylostella laid 3.7 times more 
eggs on younger than older leaves. Furthermore, they demonstrated that in the 
presence of B. vulgaris volatiles, P. xylostella laid 23 percent more eggs on 
cabbage plants than when B. vulgaris volatiles were absent. Because increased 
oogenesis in the presence ofB. vulgaris could complicate the use of this host as 
a trap crop for P. xylostella. In outdoor screen house experiments, P. xylostella 
laid a decreasing percentage of eggs on cabbage as the percentage of B. 
vulgaris increased. However, the total number of eggs laid on cabbage did not 
differ among treatments, suggesting that the presence of B. vulgaris may have 
stimulated P. xylostella oviposition. In the field total oviposition in cabbage 
plots containing B. vulgaris was 6.3 times higher than in cabbage plots without 
B. vulgaris. However, in plots with B. vulgaris, P. xylostella laid 99 percent of 
the eggs on B. vulgaris and oviposition on cabbage plants was 6.2 times lower 
than in the plots without B. vulgaris. 
Navatha and Murthy (2006) evaluated preference for oviposition and 
feeding by P. xylostella on cabbage, cauliflower, knol khol [kohlrabi] and 
mustard [Indian mustard] by free-choice, dual-choice and no-choice tests. 
Under no-choice condition, knol khol (118.0 eggs) followed by cauliflower 
(74.0 eggs), was more preferred for oviposition, with a mean of 86.5 and 55.0 
larvae feeding, respectively. Under dual-choice, mustard combined with 
cabbage recorded more number of eggs (120.5), while mustard was preferred 
for larval feeding (82.5 larvae). Combination of mustard with any other host 
resulted in reduced egg laying on the host in combination. Under free-choice 
mustard was more preferred for oviposition and feeding. More oviposition and 
feeding on mustard when grown in combination with other crops indicate its 
potential as trap crop to curtail the population of P. xylostella and reduce 
insecticidal applications on the main crop. However, Ramegowda et al. (2006) 
studied the biology of P. xylostella on Indian mustard seedlings. Results 
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revealed that P. xylostella larval incubation period ranged between 3.00-5.25 
days and the larval stage consisted of 4 instars with 3.74, 5.13, 5.60 and 5.61 
days duration, respectively for I, II, III and IV instars. The total larval duration 
ranged from 27.00 to 32.75 days with a mean of 29.86 days. The pupal period 
lasted for 3.50-4.75 days with a mean of 4.27 days and the adult longevity was 
4.27 days. The total developmental period from egg to adult ranged from 27.00 
to 32.75 days. The fecundity was 55.14 percent and the numbers of ova laid 
were more on the lower surface of leaves. 
Intercropping provides an ecological approach in pest management and 
affects the pest by microclimate through changes in crop canopies (Bach and 
Tabashnik, 1990, Wu et al, 1999) and increase natural enemies (Risch, 1981, 
Khan et al., 1997). Buranday and Raros (1973) reported that significantly 
higher numbers of adults and eggs were found in the field containing cabbages 
only than in the intercropped field, and it is concluded that Plutella adults were 
repelled by volatile compounds emitted by the tomato plants. Sivapragasam et 
al. (1982) investigated that tomato contains natural inhibiting chemicals, when 
intercropped with cabbage reduced infestation of P. xylostella by about 36%, 
but there was no significant reduction in damage. AVRDC, Taiwan 
recommended that garlic and tomato may be intercropped with cabbage at the 
same time or 2, 4 weeks earlier, garlic reduced infestation of P. xylostella more 
effectively than tomato in all evaluations (Anonymous, 1985). Chelliah and 
Srinivasan (1986) reported that intercropping with tomato planted 30 days 
earlier than cabbage reduced larval damage by P. xylostella significantly. 
Talekar et al. (1986) incorporated intercropping in the integrated 
management of P. xylostella with tomato, dill, garlic, safflower, oats and barley 
and found that these plants reduced the damage by P. xylostella to cabbage. 
They also indicated that application of tomato leaf extract to cabbage 
significantly reduced oviposition by P. xylostella on treated surfaces. 
Significant reductions were observed in the larvae of P. xylostella and C. 
binotalis when cabbages were planted 30 days after tomatoes and to a lesser 
extent when they were planted 15 days after the tomatoes in comparison to 
when cabbages were planted alone (Srinivasan and Veeresh, 1986). 
Omoy (1987) studied the potential of tomato leaf extract in preventing 
oviposition of the P. xylostella on Chinese cabbage. On 1^ ' and 2"*^  day after 
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treatment, significantly fewer eggs were laid on treated than on untreated 
plants. After S"^*^  day the overall rate of oviposition decreased considerably and 
there was no significant difference between treated and untreated plants. The 
total number of eggs laid on treated plants over a 6-day period was 
significantly less than the number laid on untreated plants. Feng et al. (1993) 
reported the effect of 0.1, 0.2 and 0.4 percent tomatine solution on oviposition 
preference of females of P. xylostella with no-choice and choice tests. No 
appreciable influence of tomatine on the oviposition preference was observed, 
showing that tomatine has no significant oviposition deterrent effect on the 
adult moths. 
Cabbage was intercropped with coriander, garlic and tomato plants, and 
result showed that they caused deleterious effect on Plutella populations 
(Facknath, 1997). While, Kandoria et al. (1999) suggested that planting one 
row of late season cauliflower (Snowball 16) with one row of main season 
tomato (Punjab Kesri) significantly reduced the incidence of P. xylostella when 
the cauliflower was planted 30 days after the tomato. However, Asman et al. 
(2001) reported that cabbage intercropped with high red clover, Trifolium 
pretense received fewer eggs of DBM compared with a cabbage monoculture. 
While intercropping with low clover did not reduce the amount of egg laid and 
did not affect the emigration of DBM. Result of Timbilla and Nyako (2001) 
showed that P. xylostella could be effectively controlled when cabbage is 
intercropped with onion, spearmint [Mentha spicata] and tomato. 
Meena and Lai (2002) reported that cabbage intercropped with lucerne 
recorded the lowest larval population of P. xylostella with 9.0 and 8.8 larvae 
per ten plants after 12 weeks of transplanting. Cabbage intercropped with garlic 
recorded 9.3 and 9.6 larvae, while 16.3 and 17.1 in control. Cabbage 
intercropped with marigold showed a significant difference in the larval 
population of P. xylostella compared to cabbage sole crop in both the years. 
Cabbage intercropped with tomato harboured 21.5 and 23.3 larvae per ten 
plants during 1998-99 and 1999-2000, respectively. Cabbage intercropped with 
Indian mustard did not show any effect on the incidence of P. xylostella. 
Contrary result obtained by Badenes-Perez et al. (2005a) that intercropping 
cabbage with tomato or fava beans (Viciafava) did not reduce the number of 
eggs laid on cabbage. However, Al-Doghairi and Cranshaw (2004) showed that 
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intercropping nectariferous plants with cabbage decrease the population density 
and increase the parasitism of cabbage pests: Pieris rapae (L.) T. ni (Hubner), 
P. xylostella (L.) and B. brassicae (L.). 
Shankar et al. (2005) reported that cauliflower intercropped with 
coriander harboured significantly less DBM larvae as compared to tomato and 
mustard intercrop treatments. Interaction analysis between inter crops and their 
cropping pattern clearly showed the significant difference in DBM larval 
population when cauliflower was intercropped with coriander having cropping 
pattern of I row of intercrop planted 15 days prior and II row 15 days after the 
main crop transplantation. However, Uma-Shankar et al. (2005) found the 
impact of intercropping on P. xylostella larval population on cauliflower with 2 
rows of mustard, tomato and coriander after every 10 rows. While, Asman and 
Ekbom (2006) did not agree to intercropping as a strategy to reduce oviposition 
but suggested that the use of trap crop might be a better option because the 
female will lay her eggs in the trap crop and not get the opportunity to lay them 
later in life when finally encountering crop plants. 
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MATERIALS AND METHODS 
1. Rearing of/*, xylostella. 
The culture of diamondback moth, P. xylostella was maintained in 
laboratory condition at 22d=2°C and relative humidity of 75±5 percent with 
10:14 (L:D). The larvae and pupae were collected from cauliflower cultivated 
area of Aligarh district. They were kept separately in glass jars (20x10 cm) and 
then covered over by muslin cloth tightly fixed with rubber band. The fresh 
leaves of cauliflower were provided to the larvae as a source of food. For a 
regular supply of food to the larvae, cauliflower, B. oleracea var. botrytis was 
grown in the field of faculty of Agricultural Sciences, A.M.U., Aligarh. The 
leaves were changed on alternate days in order to maintain hygienic condition. 
The pupae were sorted out from the jars and then kept for emergence. Adults 
were separated and maintained in other glass jars. They were provided 10 
percent honey solution soaked in cotton for their feeding and changed on 
alternate days and also cauliflower leaf Two or three paper strips were hanged 
in the jar in order to provide enough space for resting as well as for a substrate 
for oviposition. The leaves and strips bearing eggs were removed from the jar 
and kept for hatching. The eggs were also found on the walls of jar and were 
removed by soft camel hair brush and kept separately in petriplate for hatching. 
Cauliflower leaves were provided to newly hatched larvae and soon they start 
mining into leaves. II instar larvae come out from mine and started feeding on 
surface of leaves. II instar changed to III and IV instar and all of them were 
provided fresh leaves of cauliflower daily. Therefore, culture of diamondback 
moth was maintained during the course of work. 
2. Studies on seasonal abundance of P. xylostella. 
Seasonal abundance of P. xylostella and its parasites was studied in 
three cauliflower cultivated area of Aligarh. Survey was conducted irom the 
month of July, 2004 to April,2005 and the same time in 2005-2006 at Mathura 
Road, G.T. Road and Punjipur village. Three fields were selected from each 
locality and at least ten samples were taken randomly from each field at an 
interval of 10 days. Collected materials were brought to laboratory fi^om each 
field and the number of larvae and pupae of P. xylostella and cocoons of 
parasitoids were counted. Larvae and pupae were kept separately in glass jars 
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and were provided fresh leaves of cauliflower till pupation. Sick and sluggish 
larvae were sorted out and kept for parasitoid emergence. Cocoons of 
parasitoid were also kept separately in jars for their emergence. The emerged 
adults of parasitoids were then identified. Finally, the data was analyzed 
statistically by application of correlation, and ANOVA and further subjected to 
test of significance. Meteorological data was also collected from 
Meteorological Station, Department of Physics, Aligarh Muslim University, 
Aligarh, India. 
3. Studies on the life table and development of P. xylostella at constant 
temperatures. 
3.1. Life table parameters 
Life table of P. xylostella was studied at constant temperatures i.e. 5°, 
7°, 10°,15°, 20°, 25, 30° 35°, 37° and 40°C. At each temperature 15 pairs of 
adults were sorted out from stock culture. One pair of adult was kept in a glass 
jar (20x15 cm) and provided with 10% honey solution soaked in cotton and 
cauliflower leaf for oviposition. In order to maintain freshness of leaf, moist 
soil was wrapped on the petiole of leaf and then covered over by polythene and 
almunium sheet. 2 or 3 paper strips were also hanged from the top of jar so as 
to provide resting sites for adults. Known number of eggs of the same age was 
collected to make a batch of 10 eggs and replicated 10 times and the 
experiment was repeated three times. Incubation period was recorded and 
hatched and unhatched eggs were counted. After hatching fresh cauliflower 
leaf was provided to larvae. Survival and mortality was recorded daily on each 
development stage. Pre-pupal and pupal periods were determined. Emerged 
adults were then kept in a jar and pairs were made. One pair of P. xylostella 
was kept in a separate jar and provided 10% honey solution soaked in cotton 
and kept in the jar for feeding the adults. Cauliflower leaf was kept inside the 
jar for oviposition. In order to maintain the freshness of leaf, most soil was 
wrapped on the petiole of leaf and then covered over by polythene and 
almunium sheet. Leaf was changed after 24-hr and replaced by a fresh leaf. 
Eggs were counted daily in order to obtain nix. This practice was done when the 
all adults were died. It was replicated ten times. Age specific life table was 
constructed by method of Deevey (1947) and Southwood (1978): 
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X =Age of insect (days) 
4 =Number of surviving at the beginning of age x out of 100 
<dx = The number of dying during age intervals x 
lOOqx = Percentage mortality 
ex= The expectation of hfe remaining for individuals of age x 
Cx = — ^ / .2 
X 
Fecundity table is thus constructed with the following assumptions; 
(a) The survivorship rates are assumed to be the same for both the sexes, as 
it is not possible in most of cases to identify the sexes prior to the adult 
stage. 
(b) The sex cannot be identified at egg stage. Therefore, a sex ratio of 1:1 is 
considered in each batch of eggs. 
The table consists of following columns: 
X = Pivotal age (days) 
Ix == Number of females alive at the beginning of age interval x (x-pivotal age) 
as a fraction of an initial population of one (Birch, 1948). 
mx = Average nimiber of eggs laid per female in each age interval assuming 
50:50 sex ratio and computed as or mean number female offspring produced in 
a unit time by a female aged (x) 
mx =—-2 
where Nx = Total natality per female offspring in each age 
Besides 'w^^ ' total number of female offsprings in each age interval i.e. female 
eggs laid in age interval (x) 
Ix-nix computed by multiplying the column /^  with nix that gives the total 
number of female births (female eggs laid) in each age interval (pivotal age x). 
This is also termed as 'Reproductive Expectation'. 
Stage specific life table of P. xylostella is constructed as proposed by 
Morris and Miller (1954) and Harcourt (1969): 
X = The age interval (egg, larvae, pupa, adult) 
Ix - The number surviving at the beginning of stage x 
dx = (Apparent mortality) the number dying as a percentage of the numbers 
entering that stage 
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iS';^  = Survival rate within the stage x 
lOOqx = Percentage of mortality 
IM =Indispensible mortality that would not occur should the dx under 
consideration be removed, as a percentage of the initial number 
MSR = (Mortality- survival ratio) measure the increase in population 
^-value= It is the key factor, which is responsible for increase or decrease in 
number of generation to another and was computed as the difference between 
decreased value of log 4, however, the total generation mortality {K) calculated 
by adding the k-value of different development stages of insect where, ko +ki + 
k2 + k3 are the k-value at egg, larval, pre-pupal and pupal stages, respectively. 
(Varley and Gradwell 1960, Southwood 1978) 
A number of parameters were also computed from the age specific and 
fertility tables, which include: 
3.1.1. Potential fecundity {Pf): 
It expresses the total number of eggs laid by an average female in her 
life span. It is obtained or calculated by adding up the age specific fecundity 
{m^ column and measured in female/female/generation 
3.1.2. Net reproductive rate {RQ)'-
This is also referred to as the "carrying capacity" of the average insect 
under defined environmental conditions. The information on the multiplication 
rate of population in one generation is obtained from it or the number of times 
a population will multiply per generation. It is denoted as 
Ro = Y^Ix-m^ 
3.1.3. Intrinsic rate of increase (r): 
It is also denoted by r or r„ or r^ax and called as a biotic potential. It is 
defined as the instantaneous rate of increase of a population in a unit time 
under a set of ecological conditions. Laughlin (1965) proposed r^ , the capacity 
for increase as an approximation for r^ based on equation: 
r, = loge/Ro 
Tc = Cohort generation time and r^ tends to provide an underestimate of r^ 
(Pielo, 1974) 
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For an accurate estimate of ' r^ ' Birch (1948) introduced some 
approximation to the method to minimize the experimental errors in the 
formula suggested by Lotka (1925). This is as under: 
Ze"'' I,, m,. d, = 1 Lotka (1925) 
e-'Xm.^J Birch (1948) 
3.1.4. Jackknife pseudo-value (/y): 
Jackknife method offers a non parametric means to estimate the 
accuracy of population parameter estimates and indices for diversity or 
similarity. In the present experiment, r„ values were tested for significance by 
estimating variance using the Jackknife method (Meyer et al, 1986). The 
Jackknife pseudo-value Vj was calculated for n samples using the following 
equation. 
rj = n.raii-(n-l).r,„ 
3.1.5. Finite rate of increase {X): 
Which is the number of times the population will multiply itself per unit 
time (measured in units of female/females/day) and it is obtained fi-om: 
(X) = Anti loge r„ 
3.1.6. Mean length of generation (Tc): 
It is defined as the mean period between the birth of the parent and the 
birth of offspring. This period is a weighed approximate value or is the mean of 
period over which progeny are produced and estimated by the formula: 
3.1.7. Corrected generation time (r): 
It is defined as the period fi-om birth of individuals to birth of offspring 
T = loge R(/rm 
3.1.8. Hypothetical F2 female: 
It is defined as the number of females produced in F2 generation and 
calculated as 
F2 = (Rof 
3.1.9. Doubling time {DT)-. 
It is defined as the time required for the population to double its number 
and is calculated as follows: 
£>r= loge2/r„ 
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3.1.10. Annual Rate of Increase (ART): 
This can be calculated from the intrinsic rate of increase (r^) and 
assuming that the rate of increase is constant through out the year: 
ARI = Anti loge S65rm 
3.2. Developmental studies: 
3.2.1. Linear Regression Model: 
Effect of constant temperatures on the development of P. xylostella was 
analyzed by fitting (i) linear regression curve and (ii) cubic polynomial curve 
using Sigma Plot-Version 10. Rate of development is defined as the reciprocal 
of time required for completion of a life stage i.e. 1/d. 
Linear regression equation was adopted to express the relationship 
between the temperature (7) and rate of development {D) 
D = a+bT (1) 
Where, D = Development rate 
a and b are constants which were determined by least square method 
r = Temperature . 
Lower thermal threshold (Tmm) was calculated by putting D=0 in equation (1) 
which gives 
T„i„ = -a/b (2) 
Thermal constant was calculated by 
K-l/b.. (3) 
Means total quantity of thermal energy required to complete development 
K= Thermal constant expressed in degree-days (Campbell et al, 191 A) 
b ^ Regression slope 
The thermal units required to complete development were calculated by using 
the formula of Arnold (1959, 1960): 
DD = (Tj-T^^„).D (4) 
Where, 
DD = Degree day 
D =Mean Development time 
T] = Rearing temperature 
Tmin = Minimum threshold temperature 
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3.2.2. Cubic Polynomial Model: 
The linear model cannot be used to calculate ambient temperature since 
it is monotonically increasing. Hence a cubic curve was fitted in the least 
square sense. Assuming 
D = a + bT+cf + df (5) 
Where, D = Development time, T = Temperature and the constants a, b, c and 
d, which were obtained from the normal equation of the least square method 
Calculations and estimations were carried out using the software 
Microsoft Excel (Microsoft Office, 2007) and Sigma Plot version 10. 
To calculate the ambient temperature. We differentiate D Vt*T and equate it to 
Zero (0) 
i.e. dD/dT= b+2cT+3df=0 (6) 
The ambient temperature is obtained by solving this quadratic equation and 
taking the larger of the two roots 
/ / a . j S = -c±<c'-3bd/3d, Top,=M^{a,fi} (7) 
The minimum threshold and maximum threshold temperatures are the 
minimum and the maximum roots representing the equation 
a + bT+cf + df = 0 (8) 
4. Studies on the effect oiBrassica hosts on life table and development of 
P. xylostella. 
The life table of P. xylostella was studied on cauliflower, cabbage, 
broccoli and radish under protected field condition (no-choice test) for two 
consecutive years from I November of 2004 and 2005. Seeds of cauliflower, 
{B. oleracea botrytis var. Pusa Snowball), cabbage, {B. oleracea var. Golden 
Acre), broccoli, (B. oleracea Italica var. Green Globe) and radish, {R. sativus 
var. Pusa Desi) were sown on 10* of September of 2004 and 2005 in pots 
(15cm) consist of soil with farm yard manure (FYM) in a ratio of 3:1 and then 
they were kept under protected condition to avoid insect infestation. Thinning 
was done 25 days after sowing where only one plant is left in a single earthen 
pot and plants (50 days after sowing) were exposed to adults. Five potted host 
plants were kept under the nylon cage (Ixlxlm) and five pairs of newly 
emerged adults obtained from the stock culture were released in the cage. 
Sugar solution soaked in cotton was kept inside the cage for feeding the adults. 
The host plants were removed from the cage after 24 hr and the experiment was 
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replicated 10 times. The plants were then kept in cages covered with fine nylon 
netting under field condition so that parasites and predators may be avoided. 
100 eggs were selected on the plants of known age for construction of stage 
specific life table. Hatched and unhatched eggs were counted. Larval, pre-
pupal, pupal periods were recorded and daily mortality count was also made to 
calculate different parameters of life stages. Number of emerged and un-
emerged was counted. Emerged adults were taken out from the cage and were 
sexed and one pair of adult was released in a separate cage with potted host 
plant of known age for calculation of female survivorship and fecundity of P. 
xylostella. Host plant was changed after every 24-hr and this practice was done 
till the death of adults and also replicated 10 times. Number of eggs was 
counted daily till the death of adult and observations were also made on 
hatching of eggs in order to obtain fertility. The same method was adopted for 
other host plants. Stage specific, fertility table and life indices were calculated 
as described earlier. Finally, the data was analyzed statistically by application 
of correlation, and ANOVA and fiirther subjected to test of significance. Daily 
maximimi and minimum temperatures were also recorded fi-om I November to 
December of 2004 and same in 2005 (Table-1.7 «& 1.8). Development rates of 
P. xylostella on host plants were ascertained for the period of two years as 
mentioned earlier. Thermal constant was determined by method as described 
earlier and thermal units were also calculated by the method of Wilson and 
Bamett(1983): 
(Maximum temperature + Minimum temperature)/2) - Base temperature 
Base temperature assumed - 6.05°C 
5. Studies on the effect of mustard varieties on life table and development 
of P. xylostella 
The life table of P. xylostella was studied on B. varieties i.e. gobhi 
sarson {B. napus var. Neelam), yellow mustard {B. campestris var. Pusa 
kalyani), brown sarson (5. campestris var. BSH-1) Indian mustard (B. juncea 
var. Pusa Bold) and cauliflower (B. oleracea botrytis var. Pusa Snowball) 
(untreated control) under protected field condition (no-choice test) on I 
December, 2004 to January, 2005 and December, 2005 to January, 2006. Seeds 
of above mentioned varieties were dibbled on 10* of October 2004 and 2005 
in pots (15cm) consist of soil with farm yard manure (FYM) in a ratio of 3:1 
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and then they were kept under protected condition to avoid insect infestation. 
Thinning was done 25 days after sowing where only one plant is left in a single 
pot and plants (50 days after sowing) were exposed to adults. Five potted host 
plants were kept under the nylon cage (1x1x1 m) and five pairs of newly 
emerged aduhs obtained from the stock culture were released in the cage. 
Sugar solution soaked in cotton was kept inside the cage for feeding the adults. 
The host plants were removed from the cage after 24 hrs of exposure and the 
experiment was replicated 10 times. The plants were then kept in cages covered 
with fine nylon netting under field condition so that parasites and predators 
may be avoided. 100 eggs were selected on the plants of known age for 
construction of stage specific life table. Hatched and unhatched eggs were 
counted. Larval, pre-pupal, pupal periods were recorded and daily mortality 
count was also made to calculate different parameters of life stages. Number of 
emerged and unemerged was coimted. Emerged adults were taken out from the 
cage and were sexed and one pair of adult was released in a separate cage with 
potted plant of known age for calculation of female survivorship and fecundity 
of P. xylostella. Plant was changed after every 24-hr and a fresh potted plant 
was introduced into cage and this practice was done till the death of adults and 
also replicated 10 times. Number of eggs laid on the plant was counted daily 
and observations were also made on hatching of eggs in order to obtain 
fertility. The same method was adopted for other host plants. Stage specific, 
fertility table and life table indices were calculated as described earlier. Finally, 
the data was analyzed statistically by application of correlation, and ANOVA 
and fiirther subjected to test of significance. Daily maximum and minimum 
temperatures were also recorded from December^  2004 to January, 2005and at 
the same time next year also (Table-1.7 and 1.8). Development rates of P. 
xylostella on mustard varieties were ascertained for above mentioned years and 
degree days were determined as described earlier, 
6. Studies on the effect of intercropping on the infestation of P. xylostella 
on cauliflower crop. 
The experiment was conducted at the field of Department Plant 
Protection, Faculty of Agricultural sciences, A.M.U. Aligarh for two rabi 
seasons: 2004 and 2005. Nursery of cauliflower, B. oleracea botrytis var. NS-
106 was raised under protected condition on 1^ ' October of 2004 and 2005 with 
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a seed rate of 500 gm/ha. Before sowing the seed nursery bed was irrigated 
four days earlier so that soil will remain moist in order to provide enough 
moisture for germination of seed. Before sowing of intercrops standard 
agronomic practices were carried out for raising the commercial cauliflower 
crop. The intercrops; radish {Raphanus sativus), carrot (Daucus carota L), 
tomato (Lycopersicon esculentum Mill), garlic {Allium sativum), cumin 
(Cuminum cyminum L), fennel (Foeniculum vulgare), coriander {Coriandrum 
sativum L.), lucerne {Trifolium alexandrium) and marigold (Tagetes tagetta) 
were sown in a random block design on 1^* October of 2004 and 2005. 30 days 
after sowing of intercrops, seedling of cauliflower (sole crop) was transplanted 
i.e. f' November of 2004 and 2005 with spacing of (1) 60x45cm (2) 55x35 cm 
(row to row and plant to plant) in a ratio of 15:1 (15 rows of cauliflower and 1 
row of intercrop), 15:2, 25:1 and 25:2 and each treatment was replicated three 
times. A parallel control of cauliflower was also run for each treatment. The 
size of the micro plot for 60x55cm spacing was 9.6x3m, 10.2x3 m, 15.6x3m 
and 16.2x3m for 15:1, 15:2 and 25:1, 25:2 ratio and for 55x35 cm spacing 
8.8x3 m, 9.35x3 m and 14.3x3 m for 15:1, 15:2 and 25:1, 25:2 ratios, 
respectively. Each micro plot was consists of 5 plants/row with a total of 75 
plants and 125 plants/micro plots with a spacing of 60x55 cm and 55x35 cm in 
15:1, 15:2 and 25:1, 25:2, respectively. 
Compost or FYM @ 200q/ha and fertilizers; urea @ 300 kg/ha (138 kg 
of nitrogen), single super phosphate@ 300kg/ha (48 kg of phosphorus) and 
murate of potash @100kg/ha (60 kg potassium) was incorporated in soil. Half 
dose of urea and fiill doses of phosphorus and potassium is given at the time of 
transplanting as a basal dressing and remaining half of nitrogen used on two 
times; 25 percent of nitrogen at 20 days after plantation and remaining 25 
percent at 30 DAP. Light irrigation is given right after transplantation and then 
after every 10 days interval field was irrigated. Five plants were selected and 
tagged from each treatment and natural infestation of P. xylostella and its 
parasites was monitored at 10 days interval after transplanting to harvesting of 
cauliflower. Sick IV instar and pupae of P. xylostella as well as cocoons of 
parasites were brought to laboratory and kept for emergence of adults and then 
identified. Data was collected and analyzed statistically and cost benefit ratio 
was also calculated. 
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RESULTS AND DISCUSSION 
1. Studies on seasonal abundance of P. xylostella on cauliflower. 
Seasonal abundance of P. xylostella was conducted on cauliflower from 
July, 2004 to April, 2005 and July, 2005 to April, 2006 at district Aligarh. 
Three localities were identified i.e. Mathura Road, G.T. Road and Pxinjipur 
village, which are major cultivating area where the farmers are taking three 
consecutive crops of cauliflower from July to April. 
The initial infestation of P. xylostella occurred in above mentioned 
localities on transplanted cauliflower in I week of July, 2004 and 2005 where 
an average density of P. xylostella ranged between 0.90 to 2.38 and 0.27 to 
5.84 larvae and pupae/plant, respectively and the rate of parasitization was 
quite low. During this period the temperature was fluctuating between 24.15° 
to 32.91°C with relative humidity of 68.60 to 91.30 percent. Rainfall during 10 
days was 56.25 to 88.24 mm in 2004 and 2005, respectively (Table-1.1 to 1.8, 
Fig. 1.1 and 1.2). 
A significant increase in the density i.e. 8.93 to 22.47 and 5.08 to 29.38 
larvae and pupae/plant was observed on last week of August, 2004 and 2005, 
respectively. During this period the temperature ranged from 25.20° to 35.00°C 
with relative humidity of 64.27 to 80.82 percent and the total rainfall during 10 
days was 115.95 mm in 2004 and 26.59° to 35.46°C and 49.40 to 65.30 percent 
relative humidity and a very scanty rain of about 16.20 mm was in 2005. Peak 
population i.e. 31.43 larvae and pupae/plant was monitored in III week of 
September, 2004 at Mathura Road, 16.72 larvae and pupae/plant on 30* 
September, 2004 at G.T. Road and 11.78 in III week of September 2004 at 
Punjipur village but parasitization was found to be less than 10 percent 
(Fig. 1.1) at a temperature of 23.30° to 33.27°C with relative humidity of 70.50 
to 79.00 percent and 14.00 mm rainfall was in 10 days during III week of 
September, 2004 although scanty rainfall was also occurred in II and IV week 
of September, 2004. 
Although, a significant increase in population of P. xylostella was also 
observed in II fortnight of August, 2005 at both Mathura Road and G.T. Road 
while peak population occurred on III week of September and reaching to 
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32.23 larvae and pupae/plant at Mathura Road, 27.54 at G.T. Road and 17.63 at 
Punjipur village (Fig. 1.2). Moreover, rate of parasitization was 10 percent at 
different localities and at that time temperature ranged between 23.44° to 
30.93°C and relative humidity of 71.60 to 89.20 percent, while 7.80 mm was 
the rainfall during this period of about 10 days. Population of P. xylostella 
decreased slowly from September to the harvesting of third crop in the first 
fortnight of April, 2005. 
Whereas, parasitism increased gradually and peak occurred in the II 
fortnight of December, 2004 where it is about 35.52 percent at Mathura Road 
at a temperature of 10.18° to 22.51°C and relative humidity of 67.10 to 73.40 
percent. At G.T. Road parasitism was 41.52 percent in IV week of December, 
2004 at 9.29° to 19.50°C and 72.90 to 80.00 percent relative humidity. Highest 
i.e. 41.33 percent parasitism was recorded in II week of December, 2004 at 
Punjipur village where the temperature ranged between 10.47° to 22.57°C and 
67.40 to 80.50 percent relative humidity. Rate of parasitization decreased 
gradually from the II fortnight of December, 2004 to February, 2005 and then 
another peak was obtained in III week of March, 2005 at Mathura Road at a 
temperature of 16.33° to 33.00°C and relative humidity of 40.20 to 88.10 
percent with an scanty rain of about 1.20 mm. While parasitism did not 
increase further but decreased slowly to 5.20 percent at G.T. Road in III week 
of April, 2005. At Punjipur village parasitism decreased from II week of 
December, 2004 and then increased in III week of February, 2005 where 
density of parasite was found to be 15.84 percent at a temperature of 8.55° to 
22.01°C and relative humidity ranged from 36.00 to 79.25 percent. 
Highest population of DBM was found on 18 September, 2005 and 
then began to decrease and an increase was monitored in III week of March, 
2006, where 17.49 larvae and pupae/plant was monitored at a temperature 
fluctuating between 13.41° to 24.84°C and relative humidity of 59.30 to 89.00 
percent. P. xylostella continues to infest the even after 15* April 2006 where 
temperature ranging from 22.38° to 38.43°C and relative humidity was 42.80 to 
71.00 percent. 
However, parasitism tends to increase from the month of October to 
December, 2005 and peak was obtained on IV week of December, 2005 where 
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it is reached to 40.78 percent at a temperature of 5.41° to 20.35°C and relative 
humidity ranged from 48.10 to 94.00 percent. The parasitism decreased to 
14.31 percent in the I week of January, 2006 at a temperature ranging from 
3.87° to 16.00°C with a relative humidity of 44.20 to 94.60 percent and while 
another small peak (20.78 percent) was observed on III week of March, 2005 at 
a temperature of 13.41° to 24.84°C and relative humidity of 59.30 to 89.60 
percent at Mathura Road. At G.T. Road, rate of parasitism found to be 
increased from 3.61 percent on II fortnight of September, 2005 to 46.64 percent 
on the last days of December, 2005 at a temperature of 5.41° to 20.35°C with 
relative humidity of 48.10 to 94.00 percent, while parasites continue to 
parasitize the larvae of DBM throughout the month of January, 2005 and even 
after in the month of February, March and April in 2006. At Punjipur village, 
parasitism was found increasing from IV week of September to III week of 
December, 2005 where peak (37.33 percent) obtained at a temperature of 2.75° 
to 21.29°C and 48.00 to 88.60 percent relative humidity and about 3 percent 
decrease in parasitism was recorded after 10 days i.e. on 28*"^  December, 2005 
and then a significant decrease was monitored from January to mid April, 2006. 
C. plutellae (Kurdjumov) was foxmd to be dominant larval parasitoid while 
Oomyzus sokolowskii (Kurdjumov) parasitized relatively a few pupae of P. 
xylostella. Some larval and pupal parasitoids were also recorded in the present 
study but not yet identified. 
Seasonal abundance of P. xylostella and its parasite was subjected to 
Pearson's correlation that showed a positively/negatively 
significant/nonsignificant with environmental conditions (Table-1.9 and 1.10). 
In 2004-05, high temperature caused a positively/negatively significant/non 
significant effect on the perpetuation of DBM. 34.77°C significantly (i'<0.01) 
enhanced the population of DBM and also on 8"' September, 8''' October, 2004 
and 26* January, 2005. An erratic correlation was computed in relation to 
minimum temperature. While, average temperature favourably/unfavourably 
affected the density of P. xylostella. Higher range of humidity in the month of 
July and I fortnight of August caused a negative effect on population P. 
xylostella. However, minimum humidity did not considerably affect the 
population of DBM and almost the same result obtained in relation to average 
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humidity. Rainfall in the I 10 days of July, 2004 and in 11 week of March, 
2005 caused a negatively significant (P<0.01, P<0.05) effect on the 
population of P. xylostella. Generally, rainfall negatively affected the DBM in 
2004-05. During 2005-06, almost same type variable correlations were 
obtained for maximum, minimum and average temperature and relative 
humidity, while rainfall severely affected the population of P. xylostella on 20* 
August, 19* September and 9* October, 2005, while insignificant correlation 
was calculated for rests of observation period. 
Rate of parasitization was correlated positively/negatively 
significant/non significant to maximum, minimum and average temperature as 
well as maximum, minimum and average humidity during 2004-05 and 2005-
06. Rainfall sometimes favourable/imfavourable for perpetuation of parasites 
during both years of study (Table-1.9 and 1.10). 
Seasonal abundance of P. xylostella on cauliflower was 
significantly/non significantly affected by temperature, humidity and rainfall as 
well as parasites in three localities of Aligarh i.e. Mathura Road, G.T. Road and 
Punjipur village from July, 2004 to April, 2005 and in the same months in 
2005-06. A number of abiotic and biotic mortality factors interacting together 
that affect the natural intrageneration population dynamics of P. xylostella 
(Harcourt, 1969, Keinmeesuke et al., 1992, Syed and Abro, 2003). A 
significantly high build up of larval population of P. xylostella was monitored 
during rainy season (July-September) as compared to other factors (Nagarkatti 
and Jayanth, 1982). Climatic conditions, including higher temperatures and 
decreased rainfall have been cited as major factors which regulate the 
population dynamics of P. xylostella (Harcourt, 1986), while hot and dry 
conditions are known to be conducive for P. xylostella (Shelton, 2001). Talekar 
and Shelton (1993) suggested that inversed temperatures can lead to the 
production of more generation per season. Although egg production and larval 
survival of P. xylostella are inhibited by temperature above 30°C (Yamada and 
Kawasaki, 1983). Kuwahara et al. (1995) reported that P. xylostella maintained 
consistently high population density through the year even during hottest 
season of March to May. High temperature (Chin, 1973, Hawang, 1970, Lee 
and Lee, 1984, Wang, 1984), food availability (Wang, 1984) and heavy rain 
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(Lu and Lee, 1984, Talekar and Lee, 1985, Wang, 1984) are important factors 
affecting the DBM population. It was suggested by Campos et al. (2006) that 
seasonal growth in tropical population of P. xylostella may be largely 
dependent on annual pattern of atmospheric circulation. The present finding 
also showed that maximum humidity adversely affected the population of P. 
xylostella. Contrary to that Yamada and Kawasaki (1983) suggested that rates 
of hatching, pupation and adult emergence were not affected by the levels of 
humidity. 
In the rainy season, larval population of P. xylostella decreased down 
and significantly/non significantly unfavourable for the immature stages in the 
present study. It was confirmed by Talekar and Shelton (1993) that rain can 
dislodge the larvae of P. xylostella fi-om the plants and can drovra the larvae in 
the water in the soil. Iga (1985) reported that almost 100 percent mortality of I-
II instars of P. xylostella and a range of 14.30 to 71.40 percent mortality of III-
IV instar larvae might be due to rain. While, Sivaparagasam et al. (1988) found 
that rainfall generally wash off 38 percent eggs of P. xylostella and also I 
instars were found to be susceptible to drowning when they trapped in water at 
the leaf axel. It was thoroughly studied by Kobori and Amano (2003) that 1 
hour of simulated rain resulted 95.30 percent drop off of I instar, 72.00 percent 
II instar, 60.70 percent III instar and 42.70 percent IV instars. Falling rate of 
eggs of P. xylostella are significantly higher on the upper surface than the 
lower surface of cabbage leaves, direct impact by rain drops, washing off by 
water flowing across the leaf surfaces and secondary impacts from drops 
hitting the soil and ricocheting soil and water particles back at the leaves. 
Ayalew et al. (2006) reported that rainfall and maximum temperature 
significantly influenced DBM numbers and parasitoid activity. Dennill and 
Pretorious (1995) demonstrated that high infestation levels by DBM are a result 
of excessive insecticide applications and also because of the history of P. 
xylostella resistance rather than favourable conditions (Shelton et al., 2000) 
while the DBM attacks are often attributed to lack of effective of these natural 
enemies (Talekar and Shelton, 1993). The same result is found in present study 
that in II fortnight of September and I week of October, parasitization was 
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insignificantly low and did not provide any control on the infestation level of 
DBM. 
Parasitism was reached to 41.52 percent at a temperature fluctuating 
between 9.29° to 19.50°C with relative humidity of 67.10 to 73.40 percent in 
2004, while 46.64 percent parasitism at a temperature of 5.41° to 20.35°C and 
relative humidity ranged between 48.10 to 94.00 percent was observed in IV 
week of December, 2005 in the present studies. It was reported by Mosiane et 
al. (2003) that C. plutellae (Kurdjumov) was most abundant throughout the 
year and accounted for 55 percent parasitism of P. xylostella. C. plutellae was 
also found causing more than 16-70 percent larval parasitism in Gujarat 
(Yadav, et al., 1975) and Bangalore (Jayrathanam, 1977, Nagarkatti and 
Jayanth 1982) followed by O. sokolowskii causing 28-96 percent (Jayrathanam, 
1977). However, C. plutellae was the dominant larval parasitoid in several 
parts of India and probably capable of 85.70 percent parasitism 
(Chandramohan, 1994). Chauhan and Sharma (2002) found a total 
parasitization by all parasitoids varied from 13.4 to 78.3 percent in the period 
of 1993, 1994 and 1995 and also found that Diadromus collaris was the 
dominant species. Xu et al. (2001) reported 33.6 percent parasitism for III 
instar larvae and 53.6 percent for the IV instar larvae of P. xylostella mainly by 
D. insulare and M. plutellae in Geneva, New York. D. fenestralis was more 
active at a temperature of 15.27°C, while D. collaris at 27-32°C (Chauhan and 
Sharma, 2002). Parasitism by C. plutellae and O. sokolowskii reached to 18-
52.5 percent (Alam, 1982, 1991) and an average of 75 percent DBM larvae 
were parasitized (Alam, 1991). Navatha and Murthy (2006) observed a higher 
rate of parasitism (60.00 Percent) during August on DBM in South Indian 
region. Among the parasitoid of DBM, only Brachymeria excarinata has been 
reported as a potential pupal parasitoid (Lingappa, et al, 2000). 
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Table-1.1. Seasonal abundance of P. xylostella and its parasites on cauliflower at 
Mathura Road (2004-05). 
Date 
01-07-2004 
10-07-2004 
20-07-2004 
30-07-2004 
09-08-2004 
19-08-2004 
29-08-2004 
08-09-2004 
18-09-2004 
28-09-2004 
08-10-2004 
18-10-2004 
28-10-2004 
07-11-2004 
17-11-2004 
27-11-2004 
07-12-2004 
17-12-2004 
27-12-2004 
06-01-2005 
16-01-2005 
26-01-2005 
05-02-2005 
15-02-2005 
25-02-2005 
07-03-2005 
17-03-2005 
27-03-2005 
05-04-2005 
15-04-2005 
P=0.05 
Samples 
34 
34 
42 
39 
41 
41 
37 
37 
41 
35 
46 
42 
39 
36 
42 
36 
40 
43 
47 
39 
42 
41 
44 
36 
39 
40 
41 
AO 
36 
39 
Avg. No. 
leaf/ plant 
3.90 
5.32 
7.23 
8.17 
10.64 
11.22 
12.55 
13.72 
15.69 
11.39 
8.47 
5.46 
7.12 
9.44 
11.62 
13.54 
13.58 
15.02 
11.25 
13.38 
14.28 
5.90 
7.34 
9.37 
11.31 
12.90 
13.47 
15.25 
16.69 
16.95 
Avg. No. 
larvae & 
pupae/plant 
2.38 
3.30 
5.92 
6.57 
9.15 
12.00 
22.47 
24.40 
31.43 
25.35 
16.55 
10.93 
16.48 
18.88 
20.80 
21.42 
20.85 
17.82 
13.25 
10.65 
10.85 
5.37 
9.37 
14.50 
17.09 
15.49 
15.13 
16.32 
16.10 
13.27 
Avg. No . 
larvae & 
pupae 
parasitized 
0.03 
0.04 
0.13 
0.24 
0.27 
0.54 
1.23 
2.17 
2.83 
2.48 
1.86 
1.46 
2.29 
2.55 
3.46 
3.34 
6.95 
6.35 
5.14 
1.82 
0.79 
0.33 
1.08 
2.02 
2.20 
3.16 
3.50 
2.56 
1.04 
0.63 
0.05 
Parasitized 
(%) 
1.52 
1.48 
2.13 
3.55 
2.59 
4.69 
4.88 
8.83 
9.08 
10.88 
12.29 
13.35 
14.06 
13.66 
17.13 
16.96 
33.46 
35.52 
34.64 
18.94 
7.35 
6.24 
11.09 
14.11 
14.28 
20.34 
22.88 
15.60 
6.85 
4.99 
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Table-1.2. Seasonal abundance of P. xylostella and its parasites on cauliflower at 
G.T. Road (2004-05). 
Date 
03-07-2004 
12-07-2004 
22-07-2004 
01-08-2004 
11-08-2004 
21-08-2004 
31-08-2004 
10-09-2004 
20-09-2004 
30-09-2004 
10-10-2004 
20-10-2004 
30-10-2004 
09-11-2004 
19-11-2004 
29-11-2004 
09-12-2004 
19-12-2004 
29-12-2004 
08-01-2005 
18-01-2005 
28-01-2005 
07-02-2005 
17-02-2005 
27-02-2005 
09-03-2005 
19-03-2005 
29-03-2005 
08-04-2005 
18-04-2005 
P=0.05 
Samples 
31 
30 
35 
34 
35 
36 
35 
35 
32 
33 
36 
38 
35 
36 
37 
34 
34 
39 
33 
32 
32 
34 
37 
38 
38 
32 
35 
36 
38 
37 
Avg. No 
leaf/plant 
3.95 
5.86 
8.20 
8.99 
10.05 
11.08 
12.90 
16.09 
17.89 
19.44 
3.74 
5.61 
7.59 
9.71 
11.58 
13.67 
15.63 
17.55 
18.81 
14.21 
4.92 
6.04 
7.53 
9.74 
11.65 
12.68 
14.64 
16.58 
18.34 
19.56 
Avg. No. 
larvae & 
pupae/plant 
1.71 
5.15 
6.66 
8.03 
9.69 
11.37 
12.66 
14.11 
14.87 
16.72 
14.33 
13.12 
11.82 
9.66 
9.04 
7.87 
5.61 
5.51 
4.71 
4.31 
3.71 
3.21 
3.11 
6.02 
8.78 
12.50 
13.70 
9.88 
3.90 
2.91 
Avg. No. 
larv'ae & 
pupae 
parasitized 
0.00 
0.01 
0.02 
0.07 
0.18 
0.27 
0.33 
0.40 
0.49 
0.59 
0.86 
0.84 
0.85 
1.41 
1.52 
1.42 
1.97 
1.96 
1.93 
1.08 
0.87 
0.62 
0.56 
0.80 
1.12 
1.26 
1,19 
0.69 
0.26 
0.13 
0.20 
Parasitized 
(%) 
0.00 
0.11 
0.26 
0.84 
1.89 
2.42 
2.71 
3.13 
3.54 
3.70 
6.02 
6.46 
7.12 
14.70 
16.95 
18.26 
35.72 
36.54 
41.52 
27.23 
23.87 
19.43 
18.12 
13.19 
12.89 
9.80 
8.49 
6.47 
7.24 
5.20 
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Table-1.3. Seasonal abundance of P. xylosfella and its parasites on cauliflower at 
Punjipur village (2004-05). 
Date 
02-07-2004 
11-07-2004 
21-07-2004 
31-07-2004 
10-08-2004 
20-08-2004 
30-08-2004 
09-09-2004 
19-09-2004 
29-09-2004 
09-10-2004 
19-10-2004 
29-10-2004 
08-11-2004 
18-11-2004 
28-11-2004 
08-12-2004 
18-12-2004 
28-12-2004 
07-01-2005 
17-01-2005 
27-01-2005 
06-02-2005 
16-02-2005 
26-02-2005 
08-03-2005 
18-03-2005 
28-03-2005 
07-04-2005 
17-04-2005 
P=0.05 
Samples 
34 
32 
36 
38 
35 
36 
33 
36 
37 
34 
33 
34 
34 
31 
33 
34 
31 
32 
33 
35 
34 
34 
34 
36 
35 
34 
32 
32 
35 
34 
Avg. No. 
leaf/plant 
3.55 
5.15 
6.66 
8.12 
9.97 
11.38 
13.07 
14.51 
16.62 
18.77 
3.73 
5.71 
7.84 
9.56 
11.66 
13.78 
14.95 
16.28 
17.84 
18.82 
3.80 
5.46 
7.26 
8.86 
10.37 
12.18 
13.30 
15.25 
17.12 
18.16 
Avg. No. 
larvae &^ 
pupae/plant 
0.90 
1.34 
2.02 
2.46 
3.93 
6.18 
8.93 
8.37 
11.78 
10.58 
0.98 
1.77 
2.99 
3.66 
2.60 
2.12 
2.58 
1.62 
1.22 
3.00 
3.05 
3.24 
2.02 
6.10 
8.03 
10.43 
14.40 
10.25 
2.97 
0.90 
Avg. No. 
larvae & 
pupae 
parasitized 
0.01 
0.02 
0.04 
0.07 
0.10 
0.23 
0.28 
0.41 
0.68 
0.80 
0.11 
0.28 
0.52 
0.64 
0.55 
0.70 
1.06 
0.65 
0.27 
0.46 
0.37 
0.30 
0.30 
0.74 
1.16 
1.05 
1.23 
0.41 
0.04 
0.01 
0.11 
Parasitized 
(%) 
0.53 
1.28 
1.73 
2.73 
2.48 
3.58 
3.06 
4.97 
5.70 
7.56 
11.64 
16.72 
18.11 
18.60 
21.20 
34.24 
41.33 
40.06 
21.71 
14.07 
15.94 
12.79 
14.40 
13.31 
15.84 
12.17 
9.13 
4.56 
2.78 
1.49 
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Table-1.4. Seasonal abundance of P. xylostella and its parasites on cauliflower at 
Matura Road (2005-06). 
Date 
01-07-2005 
10-07-2005 
20-07-2005 
30-07-2005 
9-08-2005 
19-08-2005 
29-08-2005 
08-09-2005 
18-09-2005 
28-09-2005 
08-10-2005 
18-10-2005 
28-10-2005 
07-11-2005 
17-11-2005 
27-11-2005 
07-12-2005 
17-12-2005 
27-12-2005 
06-01-2006 
16-01-2006 
26-01-2006 
05-02-2006 
15-02-2006 
25-02-2006 
07-03-2006 
17-03-2006 
27-03-2006 
05-04-2006 
15-04-2006 
P=0.05 
Samples 
35 
32 
33 
34 
39 
40 
36 
38 
35 
40 
37 
37 
34 
37 
40 
37 
35 
43 
38 
34 
36 
38 
35 
34 
35 
34 
34 
35 
34 
34 
Avg. No. 
leaf/plant 
3.50 
4.97 
6.64 
8.25 
9.65 
11.46 
13.18 
15.06 
17.05 
18.82 
14.05 
9.78 
11.10 
6.56 
8.63 
9.89 
11.59 
13.68 
14.95 
16.49 
12.15 
13.70 
9.59 
6.19 
8.07 
10.02 
11.74 
13.44 
15.05 
16.27 
Avg. No. 
larvae & 
pupae/plant 
5.84 
9.55 
15.33 
20.83 
27.74 
30.79 
29.34 
29.99 
32.23 
29.12 
23.50 
18.12 
21.00 
15.22 
13.56 
10.45 
10.70 
9.97 
9.88 
9.13 
7.73 
8.45 
10.38 
9.98 
12.64 
14.95 
17.49 
10.72 
9.23 
10.72 
Avg. No. 
larvae & 
pupae 
parasitized 
0.14 
0.27 
0.50 
0.90 
1.34 
1.46 
1.58 
2.77 
3.14 
3.37 
3.92 
3.26 
4.76 
3.77 
3.83 
3.14 
3.99 
3.84 
4.06 
1.67 
1.03 
0.69 
1.23 
1.36 
1.87 
3.04 
3.74 
1.51 
0.66 
0.48 
0.56 
Parasitized 
(%) 
2.47 
2.85 
3.31 
4.31 
4.80 
4.71 
5.54 
9.09 
9.75 
11.65 
16.28 
18.54 
22.49 
25.07 
28.59 
30.52 
38.04 
39.06 
40.78 
14.31 
10.63 
7.96 
11.89 
13.46 
15.13 
20.22 
20.78 
15.11 
6.94 
3.90 
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Table-1.5. Seasonal abundance of P. xylostella and its parasites on cauliflower at 
G.T.Road (2005-06). 
Date 
03-07-2005 
12-07-2005 
22-07-2005 
01-08-2005 
11-08-2005 
21-08-2005 
31-08-2005 
10-09-2005 
20-09-2005 
30-09-2005 
10-10-2005 
20-10-2005 
30-10-2005 
09-11-2005 
19-11-2005 
29-11-2005 
09-12-2005 
19-12-2005 
29-12-2005 
08-01-2006 
18-01-2006 
28-01-2006 
07-02-2006 
17-02-2006 
27-02-2006 
09-03-2006 
19-03-2006 
29-03-2006 
08-04-2006 
18-04-2006 
P=0.05 
Samples 
31 
32 
32 
33 
38 
35 
33 
36 
33 
34 
35 
36 
33 
36 
34 
31 
32 
40 
35 
36 
39 
37 
32 
31 
32 
33 
32 
33 
32 
31 
Avg. No 
leaf/ plant 
3.88 
5.73 
7.25 
8.93 
10.16 
11.66 
12.73 
13.82 
15.55 
17.55 
4.06 
5.48 
7.26 
9.36 
10.89 
12.04 
13.77 
15.33 
17.33 
18.43 
3.88 
5.64 
7.54 
9.66 
11.48 
13.12 
14.90 
16.54 
17.56 
19.12 
Avg. No. 
larvae & 
pupae/plant 
1.71 
2.57 
3.55 
9.05 
11.15 
14.52 
18.76 
22.33 
27.54 
22.57 
19.90 
18.95 
16.75 
12.06 
11.69 
11.16 
8.37 
7.50 
5.84 
4.68 
2.32 
2.05 
4.04 
9.73 
12.68 
13.57 
14.63 
7.99 
6.00 
4.56 
Avg. No. 
larvae & 
pupae 
parasitized 
0.00 
0.01 
0.02 
0.10 
0.16 
0.25 
0.42 
0.67 
0.98 
1.58 
2.04 
2.51 
2.49 
2.23 
2.29 
2.42 
2.53 
2.66 
2.66 
1.88 
0.99 
0.87 
0.57 
0.84 
1.17 
1.15 
0.83 
0.62 
0.41 
0.23 
0.38 
Parasitized 
(%) 
0.17 
0.39 
0.65 
1.09 
1.42 
1.62 
2.17 
3.02 
3.61 
7.16 
10.76 
14.09 
15.54 
18.64 
19.65 
21.75 
31.16 
35.79 
46.64 
39.79 
36.18 
33.17 
12.74 
10.21 
10.70 
9.60 
6.34 
7.26 
6.97 
5.74 
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Table-1.6. Seasonal abundance of P. xylostella and its parasites on cauliflower at 
Punjipur village (2005-06). 
Date 
02-07-2005 
11-07-2005 
21-07-2005 
31-07-2005 
10-08-2005 
20-08-2005 
30-08-2005 
09-09-2005 
19-09-2005 
29-09-2005 
09-10-2005 
19-10-2005 
29-10-2005 
08-11-2005 
18-11-2005 
28-11-2005 
08-12-2005 
18-12-2005 
28-12-2005 
07-01-2006 
17-01-2006 
27-01-2006 
06-02-2006 
16-02-2006 
26-02-2006 
08-03-2006 
18-03-2006 
28-03-2006 
07-04-2006 
17-04-2006 
P=0.05 
Samples 
34 
33 
30 
31 
34 
33 
36 
36 
34 
34 
32 
32 
33 
36 
32 
35 
34 
38 
36 
36 
32 
35 
34 
34 
36 
36 
32 
34 
33 
32 
Avg. No 
leaf/plant 
4.07 
5.87 
7.03 
8.26 
9.84 
11.36 
12.87 
14.64 
16.41 
18.16 
3.61 
5.73 
7.52 
9.57 
11.53 
13.16 
14.47 
15.62 
17.36 
18.16 
8.80 
4.67 
6.29 
8.12 
9.99 
11.79 
13.78 
15.75 
16.89 
18.36 
Avg. No. 
larvae & 
pupae/plant 
0.27 
0.63 
1.49 
1.87 
2.94 
3.85 
5.08 
7.35 
7.95 
10.32 
11.81 
17.63 
19.39 
20.85 
17.30 
14.73 
7.65 
6.86 
7.54 
6.90 
3.99 
4.37 
6.93 
9.24 
14.90 
17.47 
20.50 
13.44 
8.91 
4.03 
Avg. No. 
larvae & 
pupae 
parasitized 
0.00 
0.00 
0.00 
0.02 
0.04 
0.06 
0.08 
0.14 
0.35 
0.40 
0.56 
1.10 
1.22 
1.57 
1.82 
2.13 
2.23 
2.58 
2.60 
0.51 
0.32 
0.27 
0.68 
0.76 
1.44 
1.87 
1.60 
1.02 
0.35 
0.08 
0.42 
Parasitized 
(%) 
0.00 
0.00 
0.22 
1.22 
1.31 
1.77 
1.75 
2.04 
4.38 
3.83 
4.52 
5.57 
5.66 
6.89 
10.82 
14.47 
29.32 
37.33 
34.95 
8.45 
7.14 
6.37 
9.70 
8.25 
9.30 
10.52 
7.55 
6.45 
3.00 
2.17 
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Table-1.7. Meteorological, data July, 2004-April, 2005. 
Date 
10.07.04 
20.07.04 
30.07.04 
09.08.04 
19.08.04 
29.08.04 
09.09.04 
19.09.04 
29.09.04 
09.10.04 
19.10.04 
29.10.04 
08.11.04 
18.11.04 
28.11.04 
08.12.04 
18.12.04 
28.12.04 
07.01.05 
17.01.05 
27.01.05 
06.02.05 
16.02.05 
26.02.05 
08.03.05 
18.03.05 
28.03.05 
07.04.05 
17.04.05 
27.04.05 
Max. Temp. 
(°C) 
32.75 
33.56 
33.00 
34.77 
34.54 
35.00 
34.40 
33.27 
32.70 
32.10 
30.81 
29.78 
27.82 
27.24 
25.58 
22.57 
22.51 
19.50 
19.36 
19.90 
17.37 
20.45 
22.80 
22.01 
27.51 
30.00 
23.17 
35.19 
35.77 
Min. Temp. 
CO 
24.15 
23.40 
26.45 
25.65 
25.54 
25.20 
22.08 
23.30 
25.53 
19.46 
20.41 
17.87 
16.06 
14.95 
12.58 
10.47 
10.18 
9.29 
7.32 
6.06 
7.10 
8.24 
10.65 
8.55 
14.53 
16.33 
16.35 
18.23 
17.95 
Avg. Temp. 
CO 
28.45 
28.48 
29.72 
30.21 
30.04 
30.10 
28.24 
38.28 
29.11 
25.78 
25.61 
23.83 
21.94 
21.09 
19.08 
16.52 
16.34 
14.40 
13.34 
12.98 
12.24 
14.35 
16.73 
15.28 
21.02 
23.17 
19.76 
26.71 
26.86 
Max. 
R.H. 
91.30 
93.90 
89.45 
84.20 
86.90 
80.82 
85.80 
79.00 
74.90 
72.40 
72.10 
79.55 
87.70 
80.00 
81.80 
80.50 
73.40 
80.00 
95.70 
87.80 
92.36 
93.10 
87.10 
79.25 
86.70 
88.10 
73.27 
56.80 
62.20 
Min. 
R.H. 
77.50 
86.00 
80.91 
76.10 
74.40 
64.27 
75.20 
70.50 
67.20 
62.30 
62.80 
69.00 
74.50 
74.50 
69.60 
67.40 
67.10 
72.90 
55.90 
39.90 
59.45 
51.50 
51.90 
36.00 
47.00 
40.20 
28.09 
38.80 
48.30 
Avg. 
R.H. 
84.40 
89.95 
85.18 
80.15 
80.65 
72.55 
80.50 
74.75 
71.05 
67.35 
67.45 
74.27 
81.10 
77.25 
75.70 
73.95 
70.25 
76.45 
75.80 
63.85 
75.91 
72.30 
69.50 
57.63 
66.85 
64.15 
50.68 
47.80 
55.29 
Rainfall 
(mm) 
56.25 
96.50 
91.30 
75.90 
1.50 
115.95 
5.50 
14.00 
9.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
10.58 
13.58 
0.00 
0.00 
1.20 
3.60 
0.00 
0.00 
35.48 18.09 26.79 64.50 47.55 56.02 0.00 
Max. = Maximum Min. 
Temp. = Temperature R.H. 
Minimum Avg. = Average 
= Relative Humidity 
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Table-1.8. Meteorological, data July, 2005-April, 2006. 
Date 
10.07.05 
20.07.05 
30.07.05 
09.08.05 
19.08.05 
29.08.05 
09.09.05 
19.09.05 
29.09.05 
09.10.05 
19.10.05 
29.10.05 
08.11.05 
18.11.05 
28.11.05 
08.12.05 
18.12.05 
28.12.05 
07.01.06 
17.01.06 
27.01.06 
06.02.06 
16.02.06 
26.02.06 
08.03.06 
18.03.06 
28.03.06 
07.04.06 
17.04.06 
27.04.06 
Max. 
Temp. 
(°C) 
32.91 
31.80 
34.40 
33.99 
34.74 
35.46 
36.45 
30.93 
31.75 
33.86 
32.80 
30.44 
28.18 
28.76 
27.32 
22.56 
21.29 
20.35 
18.72 
23.27 
21.30 
26.54 
27.91 
30.49 
29.67 
24.84 
30.76 
36.98 
34.80 
38.43 
Min. 
Temp. 
(°C) 
26.75 
26.43 
26.93 
27.08 
27.10 
26.59 
26.01 
23.44 
23.84 
19.63 
17.47 
12.90 
11.76 
11.19 
8.66 
4.08 
2.75 
5.41 
3.87 
7.53 
4.61 
10.08 
12.46 
13.44 
11.96 
13.41 
15.00 
18.31 
18.02 
22.38 
Avg. Temp. 
(°C) 
29.83 
29.12 
30.66 
30.54 
30.92 
31.03 
31.23 
27.19 
27.80 
26.75 
25.14 
21.67 
19.97 
19.98 
17.99 
13.32 
12.02 
12.88 
11.30 
15.40 
12.96 
18.31 
20.19 
21.96 
20.82 
19.13 
22.88 
27.65 
26.41 
30.41 
Maxi. 
R.H. 
83.80 
88.44 
81.91 
81.50 
77.40 
65.30 
81.60 
89.20 
87.90 
81.70 
88.80 
88.10 
87.60 
82.00 
91.70 
84.40 
88.60 
94.00 
94.60 
85.60 
91.50 
92.00 
90.00 
91.75 
88.50 
89.60 
82.80 
67.20 
71.20 
71.00 
Mini. 
R.H. 
68.60 
76.67 
66.45 
62.70 
61.20 
49.40 
52.00 
71.60 
68.00 
42.30 
42.90 
41.60 
41.90 
34.20 
43.60 
39.30 
48.00 
48.10 
44.20 
39.10 
36.30 
38.60 
50.40 
39.63 
30.20 
59.30 
38.10 
28.10 
47.80 
42.80 
Avg. 
R.H. 
76.20 
82.56 
74.18 
72.10 
69.30 
57.35 
66.80 
80.40 
77.95 
62.00 
65.85 
64.85 
64.75 
58.10 
67.65 
61.85 
68.30 
71.05 
69.40 
62.35 
63.90 
65.30 
70.20 
65.69 
59.35 
74.45 
60.45 
47.65 
59.50 
56.90 
Rainfall 
(mm) 
88.24 
163.88 
64.10 
4.00 
16.60 
16.20 
0.25 
7.80 
110.25 
49.42 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.40 
0.00 
0.00 
0.00 
0.00 
0.60 
0.00 
9.80 
0.00 
0.00 
0.00 
Max. =^ Maximum Min. 
Temp. = Temperature R.H. 
Minimum Avg. = Average 
= Relative Humidity 
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Fig-1.1. Seasonal abundance of P. xylostella on cauliflower (2004-05) 
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2. Studies on the life table and development of P. xylostella at constant 
temperatures. 
A. Effect of constant temperatures on life table of i*. xylostella 
a. Age specific life table (Table-2.1 to 2.8): 
It was evident from the result that survivorship (4) of P. xylostella 
decreases with increasing temperature from 10° to 37°C. A prolonged 
survivorship i.e. 164-day was found at 10°C and shortest at 37°C, while 61 and 
50-day obtained at 15° and 20°C, respectively. Expectancy of life is highest at 
beginning of age and then declines at end of life. Maximum numbers of eggs 
were hatched at 25°C and the lowest at 37°C i.e. 34 percent. Incubation period is 
prolonged at 10° C and shortest at 37°C and 5-day is required at 20°C. 
Incubation period is almost similar at 30° and 35°C. Mortality is found to be 
variable at different temperatures and also occurred during the larval, pre-pupal, 
pupal and adult stage. 
b. Stage specific life table (Table-2.9 to 2.16): 
Maximum unhatched eggs were recorded at 37°C and minimum at 25° C. 
Highest mortality of 1 instar occurred at 37°C i.e. 32.35 percent and lowest at 
25° C while, 24.35 and 13.95 percent at 7° and 10°C, respectively. 22.80 and 
30.43 percent mortality of II instar recorded at 7° and 37°C, respectively. 
Mortality of III and IV instar was highest at 37°C and least at 20°C. However, 
25°C is found to be favourable for the survival of III and IV instars. 37°C 
inflicted highest mortality of pre-pupal and pupal stages although 21.78 percent 
mortality of pupa was found at 10°C, while 2.74 and 4.22 percent pre-pupal and 
pupal mortality obtained at 20°C showing that survival of DBM is optimum at 
20°C. Adult emergence was more at 20°C than that of 10°, 15°, 25°, 30° and 
35°C and emergence was completely inhibited at 7° and 37°C. 
Survival fraction {S^'. 
The survival fraction {S^) of different stages varies with change in 
temperature and affected significantly by increasing temperature from above 25° 
to 37°C. Survival fraction of egg was highest at 25°C and the lowest at 37°C 
showing that fertility is greatly reduced at 37°C. 0.760, 0.890 and 0.910 was 
obtained at 7°, 15° and 20°C, respectively. After hatching of egg, the neonate 
larvae mine into leaves and the survival fraction of I instar increases from 7° to 
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25°C and then decreases from 30° to 37°C. Survival fraction of II instar larvae 
increases from 7° to 25°C and then decreases from 30° to 37°C. Highest survival 
fraction of III instar was calculated at 20°C i.e. 0.962 and the lowest on 37°C. 
0.960 survival fraction of IV instar was obtained at 20°C and 0.636 at 37°C. 
Survival fraction of pre-pupai stage is found to be more than that of pupal stage 
at different temperature. Survival fraction of pre-pupa and pupa was 0.972 and 
0.967, respectively at 20°C. 
Mortality Survival Ratio {MSR): 
Temperature affects the mortality survival ratio of different stages of life 
of P. xylostella. It was computed that highest mortality survival ratio was 
contributed by 37°C and then followed by 7°C, which were not found suitable 
for the development of P. xylostella. Whereas, least mortality and highest 
survival ratio was found at 20° and 25°C, respectively at different stages of P. 
xylostella. However, highest mortality survival ratio of egg stage i.e. 1.941 
occurred at 37°C that showed the highest embryonic death at egg stage. 
Indispensible Mortality (/M): 
Indispensible mortality of P. xylostella was found to be variable at 
different temperature i.e. 10°, 15°, 20°, 25°, 30° and 35°C. Highest indispensible 
mortality of egg occurred at 35°C and then followed by 30°C and 6.725 at 20°C. 
Whereas, highest indispensible mortality of larval stages contributed by 30°C 
and not by 35°C. 10° and 15°C also inflicted a considerable mortality of different 
instars. Greatest indispensible mortality of 10.00 occurred at 10°C on pupal 
stage. Whereas, adults did not emerge at 7° and 37°C hence, treated as zero (0). 
^-Values: 
^-values were highest at 37°C at different stages of P. xylostella in 
comparison to other temperature. Moreover, egg stage is more vulnerable to 
temperature than other stages of P. xylostella. 
c. Fecundity and life indices of i*. xylostella: 
Mating occurred after emergence of adults and the eggs are laid after 24-
hr of mating and even before eggs were also collected from the jars kept at 15°, 
20°, 25° and 30°C. While, eggs were not recorded before 24-hr in jars when 
adults were reared at 7°, 10° and 35°C. Highest number of were collected at 
20°C i.e. 258.68 (Table-2.19) and smallest at 35°C (Table-2.22). 152.33 and 
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222.08 eggs/female were also obtained at 15° and 25°C, respectively. Adults did 
not emerge because of total pupal mortality at 5°, 7°, 37° and 40°C. The 
maximum number of eggs laid by adults in the beginning of age, i.e. 24-hr after 
mating and then slowly declines and the females remain alive even after laying 
the total eggs. Survival of females after laying the total eggs varies with 
temperature. Female remains alive for 20-days after laying the eggs at 10°C 
(Table-2.17) and 1-day at 35°C. 2 and 9-days were also recorded at 15° and 
20°C, respectively. Oviposition period also varies with temperature. Oviposition 
period is prolonged i.e. 15-days at 10°C and shortest at 35°C. The female 
continues to lay eggs for 12 and 11-days at 20° and 25°C, respectively (Table-
2.19 and 2.20). Maximum number of eggs laid 24-hr after mating at different 
temperatures but another peak was obtained on 4-day at 20°C. Adults did not 
emerge at 7° and 37°C and if emerged then death occurred shortly. The fecundity 
of adult of P. xylostella is highest in the begirming of age and then declines with 
advancing age. nix was highest at 20°C and least at 35°C. The female continues 
to lay eggs till death at 35°C whereas, the female remains alive after laying total 
eggs at other temperatures. Adults did not survive at 5°, 7°, 37° and 40°C hence 
omitted from analysis. 
Results of life table indices (Table-2.23) showed that highest potential 
fecundity {Pj) occurred at 20°C i.e. 129.32 and lowest at 35°C. 111.320 and 
99.01 was found at 25° and 30°C, respectively. Potential fecundity is 
significantly (/'<0.05) differed at different temperatures and negatively (non 
significant) correlated with temperature. Net reproductive potential {RQ) trends to 
increase from 10° to 20°C and then declines gradually up to 35°C. 87.938 
females/female obtained at 20°C. Ro is also significantly (/'<0.05) differed at 
different temperatures. A positive (non-significant) correlation was obtained 
showing that the temperature substantially enhances RQ. 
Capacity for increase (r^) was also calculated as proposed by Laughlin 
(1965). Highest r^ occurred at 25°C and smallest at 7°C. r^ is higher at 35°C than 
that of 20°C. re is significantly (P<0.05) differed at different temperatures and a 
non significant positive correlation obtained in relation to temperature. Intrinsic 
rate of increase (r^) is significantly (/'<0.05) differed at different temperatures 
and positively (non significant) correlated with temperature. Greatest r^ occurred 
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at 25°C i.e. 0.1956 females/female/day then followed by 0.1681 at 30°C. 
Whereas, r„ is almost equal at 20° and 35°C. It is smaller at 10°C than that of 
15°C. Intrinsic rate of increase was tested by Jackknife pseudo-values and found 
that fractional difference was obtained between the two values except at 20°C. 
Finite rate of increase (X) is found to be highest at 25°C and smallest at 10°C. 
1.149 and 1.51 females/female/day was found at 20° and 35°C, respectively but 
smaller than that of 25°C. Finite rate of increase is significantly (/*<0.05) 
differed and substantially enhanced with temperature. 
Mean length of generation {Tc) is prolonged at 10°C and shortest at 35°C. 
22.25 and 32.60 day was found at 25°C and 20°C, respectively. Tc is 
significantly (P<0.05) differed at different temperature and correlated negatively 
significant (P<0.05) showing that Tc is considerably inhibited by temperature. 
Corrected generation time (r) is significantly (i'<0.05) differed at different 
temperatures and significantly (/*<0.05) affected by temperatures. Shortest 
corrected generation time occurred at 35°C and the longest at 10°C. 21.723 day 
was obtained at 25°C. 
Doubling time (DT) is also significantly (P<0.05) differed at different 
temperatures and considerably decreased in relation to temperature. 3.543 day is 
the shortest doubling time at 25°C and prolonged at 10°C. While, 4.979 and 
4.919 day obtained at 20° and 35°C, respectively. Annual rate of increase (ART) 
is greatest at 25°C and smallest at 10°C. 4.4339x10^^ and 2.1633x10^^ obtained 
at 30° and 35°C, respectively. Annual rate of increase is substantially enhanced 
by temperature. 
Temperature has significantly {P<0.05) affected the life table parameters 
of P. xylostella. It is a critical abiotic factor influencing the dynamic of insects 
(Roy et al, 2002). Insect survival tends to be reduced by extreme temperature 
(Asante et al, 1991, Shanower et al, 1993). It was found in present study that 
mating of P. xylostella occurred after emergence and the eggs are laid after 24-hr 
of mating or even before at 15°, 20°, 25° and 30°C and not recorded before at 7°, 
10° and 35°C showing that the temperature affected the egg laying of P. 
xylostella. Yamada (1979) also observed in P. xylostella that most of the newly 
emerged females mated on the first night of emergence and began to lay eggs on 
the following night. Egg production by females of P. xylostella decreases with 
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temperature increase (Shirai, 2000). Highest number of eggs were collected at 
20°C i.e. 258.68 with in 12 days and the smallest at 35°C i.e. 25 eggs/female in a 
period of three days. However, the female continues to lay eggs for 15 days at 
10°C in the present study. Although, a female DBM may lays 233 eggs in 12 
days (Poelking, 1992), 230 eggs (Ho, 1965), 243 eggs (Bhalla and Dubey, 1986) 
and 203 eggs (Patil and Pokharkar, 1971). Liu et al. (1985) obtained 300+80 
eggs/female at 20°C and number of eggs decreases upto the increasing of 
temperature at 30°C. While, Koshihara (1986) recorded maximum number of 
eggs/female i.e. 77.4 at 22.5°C and increasing/decreasing above/below this 
temperature, there is a decrease in the number of eggs. DBM lays more eggs at 
low temperature (7° to 24°C) than at higher temperature (28° to 38°C) (Atwal, 
1955). Highest number of eggs i.e. 241 eggs/female was recorded at 25°C and 
lowest i.e. 52 eggs at 33°C (Wakisaka et al, 1992). Eggs production of P. 
xylostella is inhibited by the temperature above 30°C (Yamada and Kawasaki, 
1983). It was suggested by Chen and Su (1986) that a high variation exist in 
fecundity ranging from Zero to several hundred eggs/female and this could be 
result either of inclusion of data taken from urmiated females or because the 
number of eggs laid is directly related to the longevity of female which is also 
quite, while Harcourt (1957) found 18-356 eggs/female of P. xylostella with an 
average of 159 eggs/female. But Enkegaard (1993) and Yang et al. (1994) 
opined that number of offspring produced increases with temperature but high 
temperature reduced fecundity. 
In the present study the longevity of female of P. xylostella decreased 
significantly with increasing temperature from 10° to 35°C and adults did not 
survive at 5°, 7°, 37° and 40°C. Longevity of P. xylostella is 35 days at 10°C and 
4 days at 35°C. The same result reported by Wakisaka et al. (1992) that 
longevity of female P. xylostella shortened with increasing temperature from 25° 
to 33°C. Although, longevity of adult showed great variability from location to 
location. Females lived for 30.6 days at 18°C and 49.8 days at 20°C (Harcourt, 
1957, Salinas and Pena, 1976). Koshihara (1986) found that adult longevity 
became shorter with rise of temperature and 7-9 days at 22.5°C. Longevity 
decreased from increasing temperature from 20° to 30°C (Liu et al. 1985) and 
from 17.5° to 30°C (Yamada et al, 1980). 
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Net reproductive rate (RQ) tends to increase from 10° to 20°C and then 
declines gradually up to 35°Cin P. xylostella RQ was highest at 20°C and lowest 
(9.4 females/ female) at 35°C in P. xylostella in the present studies. However, RQ 
was highest at 25°C i.e. 197.03 females/female and lowest at 33°C i.e. 4.88 
females/female in P. xylostella (Wakisaka et al, 1992). Whereas, highest RQ 
obtained at 22.5°C and lowest at 30°C in P. xylostella (Koshihara, 1986) but 
Auad and Moraes (2003) reported that RQ of P. xylostella was highest at 20°C 
and lowest at 25°C. While Shirai (2000) found a higher net reproductive rate 
between 29° and 31°C as larval developmental periods are extremely short at 
such high temperature, although egg production by females decreases with 
temperature increases. It was also found that RQ is above one showing an 
increase. 
The intrinsic rate of increase (r^ is the only static that adequately 
summarizes the physiological qualities of an animal relative to its capacity of 
increase (Andrewartha and Birch, 1954), and provides an effective summary of 
an insects life history traits (Dixon, 1987) as well as a good indicator of the 
temperature at which growth of a population is most favourable because it 
reflects over all the effect of temperature on development, reproduction and 
survival characteristic of a population (Wang et al, 1997) and often used by 
ecologist and pest management scientists as a comparative statistics for revealing 
the impact of parameter (e.g. temperature host plants) on insect demographic 
potentials (Hance et al, 1994). In the present study, greatest r„ occurred at 25°C 
i.e. 0.1956 females/female/day and smallest at 10°C i.e. 0.0284 whereas, r^ is 
nearly equal at 20° and 35°C in P. xylostella. Wakisaka et al. (1992) stated that 
Vyn increased as temperature rises, however, lowest at 33°C and highest at 
30.50°C i.e. 0.3628 females/female/day as well as Chen and Su (1982) also 
obtained highest r^ at 30°C and then decreased as temperature decreases but 
Golizadeh et al. (2007) reported that r,„ was highest at 25°C (i.e 0.285 
females/female/day). At 22°C, r^ was 0.126 females/female/day as reported by 
Hemchandera and Singh (2003). The present studies also showed that capacity 
for increase (r^ ) is less than the intrinsic rate of increase at all temperatures in P. 
xylostella which is an indication that the population is tending towards 
overlapping generation (Southwood, 1978). Finite rate of increase significantly 
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varies with temperature and highest multiplying rate in unit time of P. xylostella 
is 1.216 females/female/day at 25°C and lowest at 10°C in the present study 
while Hemchandera and Singh (2003) found 1.134 females/female/day in P. 
xylostella at 22°C. 
Mean length of generation (Jc) and corrected generation time is 
fractionally differed and significantly varies with temperature and insignificantly 
affected by temperature. It is prolonged to 93.447 days at 10°C and shortest i.e. 
15.939 at 35°C but 22.255 days was obtained at 25°C. Hemchandera and Singh 
(2003) found that Tc was 26.542 days at 22°C in P. xylostella but 36.07 days 
obtained by Reddy and Singh (1998). Shortest generation time is found at 
30.50°C i.e. 15.51 days and delayed to 19.02 days at 25.0°C (Wakisaka et al, 
1992), while Koshihara (1986) reported shortest mean generation time of P. 
xylostella at 27.50°C i.e. 15.93 days and highest at 22.5°C i.e. 19.13 days. 
However, Chen and Su (1986) recorded shortest generation time at 30°C i.e. 13 
days and highest at 20°C in P. xylostella. 
B. Effect of constant temperatures on development of i*. xylostella: 
Temperature has significantly (/'<0.05) affected the development of P. 
xylostella (Table-2.24a). The life cycle was shortest at 37°C and prolonged at 
7°C. While no development occurred at 5° and 40°C therefore, these 
temperatures were excluded fi-om analysis. The incubation period decreased with 
increasing temperature from 7° to 37°C and the eggs were hatched in 2.75 and 
1.06 days at 35°and 37°C, respectively and prolonged to 18.03 days at 10°C. 
Hatching is significantly differed (P<0.05) at different temperature. CorFelation 
(Table-2.24b) is negatively non significant on egg stage at 10°, 20° and 25°C that 
caused a delay in hatching and 30°, 35° and 37°C shortened the incubation 
period. Developmental time of larval instars differed significantly (-P<0.05) at 7°, 
10°, 15°, 20° and 25°C wWle insignificant at 30°, 35° and 37°C. Longest 
developmental period was found at 10°C and shortest at 37''C. The effect of 
temperature on the development of I instar is significantly differed from 7° to 
25°C and almost similar effect was at by 30°, 35° and 37°C. Correlation is 
negafively non significant at 7°, 10°, 15°, 20°, 25°, 30°, 35° and 37°C and 15°C 
enhances the development of I instar while 35°C accelerates the development of 
II instar. There is no marked difference in developmental period of II instar on 7° 
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and 10°C as well as on 35° and 37°C. 15°, 20°, 25° and 30°C significantly 
affected the development of II instar. Constant temperatures caused a negative 
effect on III instar larvae, while 10° and 35°C were substantially favourable to 
IV instar. Pre-pupal period is significantly/insignificantly correlated with 
temperature. A prolonged development time for pupa was at 7° followed by 
10°C and sharply decreased from 20° to 37°C. The adult did not survive at 37°C. 
Life span of adult decreased significantly (P<0.05) with increasing temperature 
and a negative effect on the adults was found at 10°, 15°, 20°, and 30°C and 
insignificant positive effect at 25° and 35°C. Value of b is negative and 
coefficient of determination varies from 0.79 to 0.95. The development time 
from egg to the emergence of adult was prolonged at 7°C and the shortest at 
37°C, while 22.32 and 17.33 days were at 25° and 30°C, respectively on 
cauliflower. 
The present findings showed that P. xylostella could not developed at 5° 
and 40°C. However, 7° and 37°C was found to be lethal for adults but immature 
stages could able to survive and develop from. It has been shown that at both 
unfavourable low and high temperatures affected the survival development P. 
xylostella (Howe, 1967, Bursell, 1974). Liu et al. (2002) determined that P. 
xylostella could not develop from egg to adult emergence outside the range of 8-
32°C. However, complete development was possible for some individual instars 
at temperatures below or above the range. Moreover, different stages and instars 
varied in their temperature limits for complete development, with the later instars 
having wider range. It is obtained by Shirai (2000) that the larvae of P. xylostella 
developed well between 15-30°C but their development is severely inhibited at 
32.5°C and temperature over 33°C had a fatal influence on egg production and 
larval development. While nymphs of L. erysimi developed significantly fast at 
higher temperatures than lower and the developmental duration was shortest at 
30°C and longest at 15°C (Liu and Yue, 2001). The development period of P. 
xylostella was shortened and the survival of immature stage and fecundity of 
females were reduced with increasing temperature from 25° to 33°C (Wakisaka 
etal, 1992). 
Golizadeh et al (2007) also reported that the temperature significantly 
affected the larval and pupal development with pupae developing more rapidly at 
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higher temperatures. The number of days to complete larval development 
declines as temperature increased and the development time was shorter on 
cauliflower than the cabbage. Incubation period decreased with increasing 
temperature up to 32.5°C. Life cycle is shortest at 37°C and prolonged at 10°C. 
However, 99.50 days was found at 7°C. 
The development per day at constant temperatures for each life stage was 
calculated by development days"' to obtain daily development rate of P. 
xylostella (Table-2.25) and their expected estimates are presented in (Table-
2.26). The development data was regressed by linear equation {D=a+bT) in 
relation to temperature (Fig.2.1 and 2.2). The regression data differed 
significantly at different probability levels (Table-2.27). R^ is highest in I instar 
and lowest at adult stage. R^ of egg stage is 0.68. Whereas adj.-/?^ is smaller in 
comparison to that ofR on life stages of P. xylostella but 0.117 was the adjusted 
R found at adult stage while R of adult is 0.243. Residual sum of squares was 
found to be low at all stages of development except at pupal stage. 
By linear regression equation, lower thermal threshold (T„i„) was 
determined for life stages of P. xylostella (Table-2.27). !„/„ for egg stage was 
8.74°C, while 2.17°C for IV instar larva showing that IV instar could be able to 
survive better at lower temperature than I, II and III instars. Pre-pupa is more 
sensitive than that of the pupal stage. T„i„ for adult was 6.75°C. 
Thermal constant (K), often called °C-day is calculated (Table-2.27) by 
method of Campbell et at. (1974) and differed significantly with temperatures. 
Adult stage accumulated highest amount of thermal units i.e. 250°C-day and pre-
pupal stage least i.e. 9.89 °C-day. IV instar requires 72.46 °C-day for its 
development than that of other larval instars. While embryonic development 
completed at 47.17 °C-day. 
Degree day (DD) requirement was also estimated by the method of 
Arnold (1959, 1960) and the result (Table-2.28) showed that adult stage 
a;ccumulated more heat for its activities than that of other stages while, 9.39 DD 
is required at pre-pupal stage. Heat units required by IV instar were more than 
that of other instars. The egg requires 41.26 DD to complete its embryonic 
development. It was calculated that the total DD requirement to complete the 
development of immature stage from egg stage to pupa at constant temperatures 
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was highest i.e. 426.68 DD at 25°C and the minimum at 7°C. Degree day 
requirement from egg to adult was increased with increasing temperature upto 
25°C and then declines. While, adults did not survive at 7°and 37°C, therefore, 
no degree day was accumulated at these temperatures and all the individuals 
were died. At 5° and 40°C no development occurred and all of them were died. 
Then another model i.e. cubic polynomial model was applied to determine 
the maximum and minimum threshold temperatures. Estimates of development 
rate at constant temperature by cubic polynomial curve fitting are presented in 
(Table-2.29 and 2.24) and the constants of equations are obtained (Table-2.30) 
with their respective standard errors, t-values along with their probability levels 
and F-values and their respective probability levels (Table-2.31). Highest R was 
on I instar larva and least on adult stage while, R^ of egg is 0.4346. Adj. R^ was 
found to be 0 (zero) at adult stage. Maximum Adj-R^ was calculated on I instar 
and minimum on egg stage. Residual sum of square (RSS) was highest on pre-
pupal stage and smallest on adult stage. Maximum and minimum threshold 
temperature {1^0^ was determined by cubic polynomial equation (non-linear). 
Tmax of egg was highest (44°C) as compared to that of all stages of life of P. 
xylostella. Whereas, pre-pupal stage is found to be quite sensitive to higher 
temperature ranges. There is a fractional difference in Tr,uix of 1,11 and III instars 
and 41.03°C was the upper threshold temperature for IV instar. Maximum 
temperature threshold for adult was 40.31°C. 
Quadratic equation of the II order was used to determine the optimum 
{Tgpt) and minimum {Tmi,) threshold temperatures. Result (Table-2.31) showed 
that minimum threshold temperature for embryonic development is 9.86°C. II 
instar of P. xylostella is more sensitive to lower temperature in comparison to I, 
III and IV instars. Although variation occurred in Tmm to pre-pupal and pupal 
stages and 9.96°C was found for adult stage. The ambient temperature or Topt 
(Table-2.31) of different stages of P. xylostellais in a range of 27.5° to 32.70°C. 
Fractional variation is found in the optimum temperature of I, II and III instars. 
The growth and development of insects are dependent on the temperature. 
As the temperature decreases, their rates of development slow and if the 
temperature falls low enough, the development will cease at their lower 
developmental temperature. As temperature increases, their rates of development 
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increases upto a temperature optimum, above which they again decreases and 
eventually cease at their temperature maximum that limits by inactivity and 
destruction of some enzymes (Howe, 1967). Metabolism is reduced, probably 
due to denaturation of enzymes (Champan, 1983) and rates of difftision are 
reduced and the degree of denaturation of membrane lipids increased (Watt et 
al, 1983, Milanovic et ah, 1989). It is also assumed that three states are usually 
occurred for molecules in a chemical reaction: (1) inactive due to low 
temperature (2) active (3) inactive due to high temperature (Sharpe and De 
Michele, 1977, Schoolfield, et al, 1981). It is well known that relationship 
between temperature and development rate in insects is linear over most of the 
normal operating, middle range of the temperature, but become sigmoid over the 
whole temperature range that permits development (Andrewartha and Birch, 
1954, Howe, 1967, Lactin et al, 1995, Liu et al, 1995). Several models have 
been used to determine the developmental rates that can be used to understand 
and to predict important events in insect life cycle (Shoemaker, 1988) or insect 
abundance for control strategies (Briere et al, 1996, 1999). 
P. xylostella reared on cauliflower at constant temperaturs and linear 
model is used in the present study showed that lower thermal threshold (r^ ,>,) 
was 8.74°C at egg stage and IV instar could able to survive better at lower 
temperature i.e. 2.17°C than the other insects. Values of R^ for immature stages 
ranged 0.68-0.984 and RSS ranged between 1.06x10 -^ 6.60x10 .^ r„j„ for adult 
was 6.75°C. Tmm also determined by quadratic equation (II order) is differed at 
other stages of P. xylostella and r^,„ for egg stage was found to 9.86°C and for 
adult 9.96°C. When cubic polynomial was applied, the Tnm is 8.71°C at egg 
stage and 7.56°C for adult stage. Although difference in lower thermal threshold 
is found in these equations. Golizadeh et al. (2007) determined the low 
temperature threshold of egg of P. xylostella by linear, model which was found 
to be 6.481°C on cabbage and cauHflower, while, 6.709°, 9.376°, 7.566° and 
7.061°C on larva, pre-pupa, pupa and adult, respectively. They also determined 
the Tmi„ for egg to adult development was 7.06°C and 7.84°C on cauliflower and 
cabbage, respectively. By application of Briere-2 and Lactin -2 for 
determination of Tmi„, which is found to be that 6.20° and 6.00°C on cauliflower 
and cabbage, respectively and 6.94° and 7.75°C on cauliflower and cabbage, 
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respectively. Lower R^ and larger RSS was estimated by sigmoid and polynomial 
models on cauliflower and cabbage. The highest R^ and smallest RSS were 
obtained by application of Briere-2, lactin-2, Logan-10, Sharpe and De Michele 
and linear models on P. xylostella. Liu et al. (2002) obtained T,„i„ for egg stage 
of P. xylostella was 7.30°C (degree-day model), 8.32°C (Logistic equation) and 
8.34°C (Wang model). They also found variation for Tmin from egg to adult 
emergence by application of degree-day, logistic equation and Wang models viz. 
7.40°, 8.32° and 8.32°C, respectively. Shirai (2000) calculated the Tnt„ by 
application of regression equation and found the variation in Tf„i„ of P. xylostella 
from different localities of Asia and value of R^ ranged between 0.976-0.997. 
Mohandas and Zalucki (2001) found 7°C was the development threshold of P. 
xylostella for entire immature period (egg to adult) by using a single degree day 
model. 
Optimum temperature (Topt) was determined by application of quadratic 
equation (II order) and found that Tgpt was 32.70°C for egg stage and fractional 
difference was estimated for Topt on I, II and III instar and 30.30°C for adult 
stage of P. xylostella. Tmax was determined by cubic polynomial equation, which 
revealed that Tmax for egg, I and IV instar, pupa and adult was 44.00°, 42.93°, 
41.03°, 41.47° and 40.3 TC. Liu et al. (2000) determined Topt and T„ax by 
application of Wang model and reported that Topt and T^ax for egg stage was 
22.09° and 34.75°C, respectively and from egg to emergence of adult was 22.79° 
and 35.49°C, respectively. However, Tgpt and T„uix determined by Briere-2, 
Lactin -2, Logan -10, Sharpe and De Michele were found to be 30.77° and 
35.00°, 36.58° and 37.75°, 34.96° and 35.00°, 31.00° and 35.95°C, respectively 
for P. xylostella on cauliflower (Golizadeh et al, 2007). 
Thermal constant (°C-day) is calculated as the reciprocal of the slope (b) 
of the threshold regression equation (Asanje et al, 1991). It is the amount of 
heat that each species requires to complete its life cycle or part of it, regardless of 
temperature to which it is expressed. It provides a valuable tool for insect pest 
control, in forecasting infestation, monitoring and timing of insecticide 
application (Zalom et al, 1983). Degree days differs between species with 
similar slope (7^) and it is due to innate differences in rates of differentiation and 
development (Trudgill et al, 2005) as well as quality and availability of 
resources required for growth and the efficiency 1v1th which those resources are 
used for growth. The present study showed that thermal constant (°C day) 
significantly varies from egg to adult stage. 47.17 °C-day required for 
development for egg in P. xylostella on cauliflower. 58.113 °C-day was obtained 
for egg stage of P. xylostella reared on cauliflower and cabbage (Golizadeh, et 
al, 2007) and 52.10 °C-day on P. xylostella (Liu et al, 2002). Species to species 
differences in °C-day requirement is due to rates of egg development (Honek 
1996). Generally, insect egg hatch ranged from <200 to >500 °C-day (Honek, 
1996, 1999). 
A total of 373.45 °C-day (Linear model) required to complete the 
development of egg to emergence of adult in P. xylostella on cauliflower. Liu et 
al. (2002) obtained 268.20 °C-day for P. xylostella from egg to emergence of 
adult on cabbage. While , Golizadeh et al. (2007) reported 263.745 °C-day in P. 
xylostella on cauliflower and 261.585 °C-day on cabbage since DD requirements 
for development to maturity ranged from <100 °C-day in some species of aphids 
to >4000 °C-day in Periplaneta fuliginosa (Honek, 1996). Honek, (1996) fiirther 
emphasized that DD requirement for insects to become adult were associated 
more with differences in larval requirement than those for eggs on pupae. A 
maximum of 250°C-day required to complete the life of adult from emergence to 
death in P. xylostella at lower thermal threshold of 6.75°C. It is due to insects 
that fly have higher metabolic rates and expend more energy than less active 
species, both when active and at rest (Reinhold, 1999). 
Mean degree days were also estimated for each stage of P. xylostella in 
the present study. It was foimd that a total of 355.25 degree days required 
completing the development from egg to adult emergence. Moreover, 146.73 
degree days required for adult stage which is greater than other stage of P. 
xylostella. 
Degree days were calculated by method of Arnold (1959, 1960) for each 
stage of P. xylostella at constant temperatures. These values were significantly 
different at stages of life in relation to temperature. 5°, 7°, 37° and 40°C were 
omitted for adult because emergence was completely inhibited. Maximum degree 
days (426.93) was required to complete the development from egg to emergence 
of adult at 25°C and lowest at 7°C in the present study on P. xylostella. Degree 
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days requirement increases upto 25°C and then declines to 37°C (321.24) and 
found to zero at 40°C. Degree day requirement of adult stage is higher than the 
other stages of P. xylostella. Greatest amount of heat accumulated (285.61 DD) 
at 25°C and smallest (87.58DZ)) at 37°C for adult. DD requirement to complete a 
generation of P. xylostella is 623.45°C day with threshold temperature of 5.94°C. 
Butt and McEwen (1981) reported an average of 290 day degrees that were 
required to complete one generation of P. xylostella on Brussels sprout, while 
283 day degrees reported by Harcourt (1954) on the cabbage. 
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Table-2.1. Age specific life table of P. xylostella on cauliflower at 7°C. 
X 
0 
1 
2 
3 
A 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
Ix 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
57 
57 
51 
48 
48 
46 
46 
46 
44 
44 
44 
44 
41 
dx 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
19 
0 
6 
3 
0 
2 
0 
0 
2 
0 
0 
0 
3 
0 
lOOqx 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
24.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
25.00 
0.00 
10.53 
5.88 
0.00 
4.17 
0.00 
0.00 
4.35 
0.00 
0.00 
0.00 
6.82 
0.00 
Lx 
50.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
150.00 
138.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
114.00 
104.50 
85.50 
82.50 
75.00 
72.00 
71.00 
69.00 
69.00 
68.00 
66.00 
66.00 
66.00 
64.50 
Tx 
6977.50 
6927.50 
6777.50 
6627.50 
6477.50 
6327.50 
6177.50 
6027.50 
5877.50 
5727.50 
5577.50 
5427.50 
5277.50 
5127.50 
4977.50 
4827.50 
4677.50 
4527.50 
4377.50 
4227.50 
4077.50 
3939.50 
3825.50 
3711.50 
3597.50 
3483.50 
3369.50 
3255.50 
3141.50 
3027.50 
2913.50 
2799.50 
2685.50 
2571.50 
2457.50 
2353.00 
2267.50 
2185.00 
2110.00 
2038.00 
1967.00 
1898.00 
1829.00 
1761.00 
1695.00 
1629.00 
1563.00 
ex 
139.55 
46.18 
45.18 
44.18 
43.18 
42.18 
41.18 
40.18 
39.18 
38.18 
37.18 
36.18 
35.18 
34.18 
33.18 
32.18 
31.18 
30.18 
29.18 
28.18 
29.55 
34.56 
33.56 
32.56 
31.56 
30.56 
29.56 
28.56 
27.56 
26.56 
25.56 
24.56 
23.56 
22.56 
23.52 
27.52 
27.49 
29.13 
29.31 
28.70 
28.51 
27.51 
26.90 
26.68 
25.68 
24.68 
24.23 
47 
48 
49 
50 
51 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
41 
39 
35 
35 
35 
34 
34 
34 
33 
33 
33 
31 
31 
29 
28 
28 
27 
27 
27 
27 
26 
26 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
2 
4 
0 
0 
1 
0 
1 
0 
0 
2 
0 
2 
1 
0 
1 
0 
0 
0 
1 
0 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
4.88 
10.26 
0.00 
0.00 
2.86 
0.00 
0.00 
2.94 
0.00 
0.00 
6.06 
0.00 
6.45 
3.45 
0.00 
3.57 
0.00 
0.00 
0.00 
3.70 
0.00 
57.69 
0.00 
0.00 
0.00 
.0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
100.00 
61.50 
60.50 
56.50 
52.50 
52.50 
52.00 
51.00 
51.00 
50.50 
49.50 
49.50 
48.50 
46.50 
45.50 
43.00 
42.00 
41.50 
40.50 
40.50 
40.50 
40.00 
39.00 
31.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
16.50 
1498.50 
1437.00 
1376.50 
1320.00 
1267.50 
1215.00 
1163.00 
1112.00 
1061.00 
1010.50 
961.00 
911.50 
863.00 
816.50 
771.00 
728.00 
686.00 
644.50 
604.00 
563.50 
523.00 
483.00 
444.00 
412.50 
396.00 
379.50 
363.00 
346.50 
330.00 
313.50 
297.00 
280.50 
264.00 
247.50 
231.00 
214.50 
198.00 
181.50 
165.00 
148.50 
132.00 
115.50 
99.00 
82.50 
66.00 
49.50 
33.00 
16.50 
24.37 
23.75 
24.36 
25.14 
24.14 
23.37 
22.80 
21.80 
21.01 
20.41 
19.41 
18.79 
18.56 
17.95 
17.93 
17.33 
16.53 
15.91 
14.91 
13.91 
13.08 
12.39 
14.10 
25.00 
24.00 
23.00 
22.00 
21.00 
20.00 
19.00 
18.00 
17.00 
16.00 
15.00 
14.00 
13.00 
12.00 
11.00 
10.00 
9.00 
8.00 
7.00 
6.00 
5.00 
4.00 
3.00 
2.00 
1.00 
Table-2.2. Age specific life table of P. xylostella on cauliflower at 10°C. 
80 
X 
0 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
Ix 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
74 
68 
68 
68 
65 
65 
65 
65 
65 
65 
65 
62 
62 
58 
58 
58 
58 
58 
58 
58 
58 
54 
54 
54 
54 
54 
53 
53 
53 
53 
dx 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
6 
0 
0 
3 
0 
0 
0 
0 
0 
0 
3 
0 
4 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
1 
lOOqx 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
14.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
13.95 
8.11 
0.00 
0.00 
4.41 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.62 
0.00 
6.45 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.90 
0.00 
0,00 
0,00 
0,00 
1.85 
0.00 
0.00 
0.00 
1.89 
Lx 
50.00 
100,00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100,00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
93.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
86.00 
80.00 
71.00 
68.00 
68.00 
66.50 
65.00 
65.00 
65.00 
65.00 
65.00 
65.00 
63.50 
62.00 
60.00 
58.00 
58.00 
58.00 
58.00 
58.00 
58.00 
58.00 
56.00 
54.00 
54.00 
54.00 
54.00 
53.50 
53.00 
53.00 
53,00 
Tx 
7108.00 
7058.00 
6958.00 
6858,00 
6758.00 
6658.00 
6558.00 
6458.00 
6358.00 
6258.00 
6158.00 
6058.00 
5958.00 
5858.00 
5758.00 
5658.00 
5558.00 
5458.00 
5358.00 
5258.00 
5165.00 
5079.00 
4993.00 
4907.00 
4821.00 
4735.00 
4649.00 
4563.00 
4477.00 
4391.00 
4305.00 
4219.00 
4139.00 
4068.00 
4000.00 
3932.00 
3865.50 
3800.50 
3735.50 
3670.50 
3605.50 
3540.50 
3475.50 
3412.00 
3350.00 
3290.00 
3232.00 
3174.00 
3116.00 
.3058.00 
3000.00 
2942.00 
2884.00 
2828.00 
2774.00 
2720.00 
2666.00 
2612.00 
2558.50 
2505.50 
2452.50 
ex 
142.16 
70.58 
69.58 
68.58 
67.58 
66.58 
65.58 
64.58 
63.58 
62.58 
61.58 
60.58 
59.58 
58.58 
57.58 
56.58 
55.58 
54.58 
53.58 
56.54 
60.06 
59.06 
58.06 
57.06 
56.06 
55.06 
54.06 
53.06 
52.06 
51.06 
50.06 
52.74 
58.30 
59.82 
58.82 
59.13 
59.47 
58.47 
57.47 
56.47 
55.47 
54.47 
54.73 
55.03 
55.83 
56.72 
55.72 
54.72 
53.72 
52.72 
51.72 
50.72 
51.50 
52.37 
51.37 
50.37 
49.37 
48.82 
48.27 
47,27 
46,27 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
11! 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
52 
49 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
27 
21 
19 
17 
15 
13 
10 
9 
8 
3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
6 
2 
2 
2 
2 
3 
1 
1 
8 
5.77 
4.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
21.28 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
27.03 
22.22 
9.52 
10.53 
11.77 
13.33 
23.08 
10.00 
11.11 
100.00 
52.50 
50.50 
48.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47,00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
42.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
37.00 
32.00 
24.00 
20.00 
18.00 
16.00 
14.00 
11.50 
9.50 
8.50 
2399.50 
2347.00 
2296.50 
2248.50 
2201.50 
2154.50 
2107.50 
2060.50 
2013.50 
1966.50 
1919.50 
1872.50 
1825.50 
1778.50 
1731.50 
1684.50 
1637.50 
1590.50 
1543.50 
1496.50 
1449.50 
1402.50 
1355.50 
1308.50 
1261.50 
1214.50 
1167.50 
1120.50 
1078.50 
1041.50 
1004.50 
967.50 
930.50 
893.50 
856.50 
819.50 
782.50 
745.50 
708.50 
671.50 
634.50 
597.50 
560.50 
523.50 
486.50 
449.50 
412.50 
375.50 
338.50 
301.50 
264.50 
227.50 
190.50 
153.50 
121.50 
97.50 
77.50 
59.50 
43.50 
29.50 
18,00 
8.50 
45.71 
46.48 
47.84 
47.84 
46.84 
45.84 
44.84 
43.84 
42.84 
41.84 
40.84 
39.84 
38.84 
37.84 
36.84 
35.84 
34.84 
33.84 
32.84 
31.84 
30.84 
29.84 
28.84 
27.84 
26.84 
25.84 
24.84 
26.68 
29.15 
28.15 
27.15 
26.15 
25.15 
24.15 
23.15 
22.15 
21.15 
20.15 
19.15 
18.15 
17.15 
16,15 
15.15 
14.15 
13.15 
12.15 
11.15 
10.15 
9.15 
8.15 
7.15 
6.15 
5.15 
4,80 
5.06 
4.88 
4.31 
3.72 
3.11 
2.57 
1.90 
1.00 
Table-2.3. Age specific life table of P. xylostella on cauliflower at 15°C. 
81 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
Ix 
100 
100 
100 
100 
100 
100 
100 
100 
100 
89 
89 
89 
89 
89 
89 
79 
71 
69 
68 
68 
64 
62 
61 
61 
61 
61 
58 
56 
56 
56 
56 
54 
51 
51 
51 
51 
51 
51 
51 
51 
51 
45 
45 
45 
45 
45 
45 
45 
45 
45 
dx 
0 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
10 
8 
2 
1 
0 
4 
2 
1 
0 
0 
0 
3 
2 
0 
0 
0 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
JOOgx 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
11.000 
0.000 
0.000 
0.000 
0.000 
0.000 
11.236 
10.127 
2.817 
1.449 
0.000 
5.882 
3.125 
1.613 
0.000 
0.000 
0.000 
4.918 
3.448 
0.000 
0.000 
0.000 
3.571 
5.556 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
11.765 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
Lx 
50.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
94.50 
89.00 
89.00 
89.00 
89.00 
89.00 
84.00 
75.00 
70.00 
68.50 
68,00 
66.00 
63.00 
61.50 
61.00 
61.00 
61.00 
59.50 
57.00 
56.00 
56.00 
56.00 
55.00 
52.50 
51.00 
51.00 
51.00 
51.00 
51.00 
51.00 
51.00 
51.00 
48.00 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
Tx 
3789.0 
3739.0 
3639.0 
3539.0 
3439.0 
3339.0 
3239.0 
3139.0 
3039.0 
2939.0 
2844.5 
2755.5 
2666.5 
2577.5 
2488.5 
2399.5 
2315.5 
2240.5 
2170.5 
2102.0 
2034.0 
1968.0 
1905.0 
1843.5 
1782.5 
1721.5 
1660.5 
1601.0 
1544.0 
1488.0 
1432.0 
1376.0 
1321.0 
1268.5 
1217.5 
1166.5 
1115.5 
1064.5 
1013.5 
962.5 
911.5 
860.5 
812.5 
767.5 
722.5 
677.5 
632.5 
587.5 
542.5 
497.5 
ex 
75.780 
37.390 
36.390 
35.390 
34.390 
33.390 
32.390 
31.390 
30.390 
31.101 
31.961 
30.961 
29.961 
28.961 
27.961 
28.565 
30.873 
32.007 
31.686 
30.912 
30.818 
31.238 
30.976 
30.221 
29.221 
28.221 
27.908 
28.088 
27.571 
26.571 
25.571 
25.018 
25.162 
24.873 
23.873 
22.873 
21.873 
20.873 
19.873 
18.873 
17.873 
17.927 
18.056 
17.056 
16.056 
15.056 
14.056 
13.056 
12.056 
11.056 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
45 
45 
45 
45 
45 
45 
45 
45 
32 
21 
13 
8 
0 
0 
0 
0 
0 
0 
0 
13 
11 
8 
5 
8 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
28.889 
34.375 
38.095 
38.462 
100.000 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
45.00 
38.50 
26.50 
17.00 
10.50 
452.5 
407.5 
362.5 
317.5 
272.5 
227.5 
182.5 
137.5 
92.5 
54.0 
27.5 
10.5 
10.056 
9.056 
8.056 
7.056 
6.056 
5.056 
4.056 
3.056 
2.403 
2.038 
1.618 
1.000 
Table-2.4. Age specific life table of P. xylostella on cauliflower at 20°C. 
82 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
n 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
78 
49 
50 
Ix 
100 
100 
100 
100 
100 
100 
91 
91 
91 
9! 
84 
80 
79 
79 
77 
76 
76 
76 
76 
73 
73 
71 
71 
71 
71 
71 
71 
71 
71 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
57 
45 
39 
31 
22 
19 
14 
10 
8 
6 
dx 
0 
0 
0 
0 
0 
9 
0 
0 
0 
7 
4 
1 
0 
2 
1 
0 
0 
0 
3 
0 
2 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
12 
6 
8 
9 
, 3 
5 
4 
2 
2 
6 
lOOgx 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0.000 
0.000 
0.000 
7.692 
4.762 
1.250 
0.000 
2.532 
1.299 
0.000 
0.000 
0.000 
3.947 
0.000 
2.740 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
4.225 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
16.176 
21.053 
13.333 
20.513 
29.032 
13.636 
26.316 
28.571 
20.000 
25.000 
100.000 
Lx 
50.00 
100.00 
100.00 
100.00 
100.00 
100.00 
95.50 
91.00 
91.00 
91.00 
87.50 
82.00 
79.50 
79.00 
78.00 
76.50 
76.00 
76.00 
76.00 
74.50 
73.00 
72.00 
71.00 
71.00 
71.00 
71.00 
71.00 
71.00 
71.00 
69.50 
68.00 
68.00 
68.00 
68.00 
68.00 
68,00 
68.00 
68.00 
68.00 
68.00 
68.00 
62.50 
51.00 
42.00 
35.00 
26.50 
20.50 
16.50 
12.00 
9.00 
7.00 
Tx 
3445.0 
3395.0 
3295.0 
3195.0 
3095.0 
2995.0 
2895.0 
2799.5 
2708.5 
2617.5 
2526.5 
2439.0 
2357.0 
2277.5 
2198.5 
2120.5 
2044.0 
1968.0 
1892.0 
1816.0 
1741.5 
1668.5 
1596.5 
1525.5 
1454.5 
1383.5 
1312.5 
1241.5 
1170.5 
1099.5 
1030.0 
962.0 
894.0 
826.0 
758.0 
690.0 
622.0 
554.0 
486.0 
418.0 
350.0 
282.0 
219.5 
168.5 
126.5 
91.5 
65.0 
44.5 
28.0 
16.0 
7.0 
ex 
68.900 
33.950 
32.950 
31.950 
30.950 
29.950 
30.314 
30.764 
29.764 
28.764 
28.874 
29.744 
29.648 
28.829 
28.186 
27.719 
26.895 
25.895 
24,895 
24.376 
23,856 
23.174 
22.486 
21.486 
20.486 
19.486 
18.486 
17,486 
16.486 
15.820 
15.147 
14.147 
13.147 
12.147 
11.147 
10.147 
9.147 
8.147 
7.147 
6.147 
5.147 
4.512 
4.304 
4.012 
3.614 
3.453 
3.171 
2,697 
2.333 
1.778 
1.000 
83 
Table-2.5. Age specific life table of P. xylostella on cauliflower at 25°C. 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Ix 
100 
100 
100 
100 
94 
94 
94 
87 
83 
81 
81 
77 
74 
74 
72 
70 
68 
68 
68 
64 
64 
64 
64 
64 
64 
64 
64 
59 
51 
46 
31 
26 
15 
10 
4 
dx 
0 
0 
0 
6 
0 
0 
7 
4 
2 
0 
4 
3 
0 
2 
2 
2 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
5 
8 
5 
15 
5 
11 
5 
6 
4 
lOOqx 
0.000 
0.000 
0.000 
6.000 
0.000 
0.000 
7.447 
4.598 
2.410 
0.000 
4.938 
3.896 
0.000 
2.703 
2.778 
2.857 
0.000 
0.000 
5.882 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
7.813 
13.559 
9.804 
32.609 
16.129 
42.308 
33.333 
60.000 
100.000 
Lx 
50.00 
100.00 
100.00 
100.00 
97.00 
94.00 
94.00 
90.50 
85.00 
82.00 
81.00 
79.00 
75.50 
74.00 
73.00 
71.00 
69.00 
68.00 
68.00 
66.00 
64.00 
64.00 
64.00 
64.00 
64.00 
64.00 
64.00 
61.50 
55.00 
48.50 
38.50 
28.50 
20.50 
12.50 
7.00 
Tx 
2337.0 
2287.0 
2187.0 
2087.0 
1987.0 
1890.0 
1796.0 
1702.0 
1611.5 
1526.5 
1444.5 
1363.5 
1284.5 
1209.0 
1135.0 
1062.0 
991.0 
922.0 
854.0 
786.0 
720.0 
656.0 
592.0 
528.0 
464.0 
400.0 
336.0 
272.0 
210.5 
155.5 
107.0 
68.5 
40.0 
19.5 
7.0 
ex 
46.740 
22.870 
21.870 
20.870 
20.485 
20.106 
19.106 
18.807 
18.959 
18.616 
17.833 
17.259 
17.013 
16.338 
15.548 
14.958 
14.362 
13.559 
12.559 
11.909 
11.250 
10.250 
9.250 
8.250 
7.250 
6.250 
5.250 
4.423 
3.827 
3.206 
2.779 
2.404 
1.951 
1.560 
1.000 
84 
Table-2.6. Age specific life table of P. xylostella on cauliflower at 30°C. 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Ix 
100 
100 
100 
88 
88 
88 
79 
76 
72 
70 
66 
63 
63 
60 
SI 
57 
57 
55 
55 
55 
55 
51 
51 
51 
51 
51 
51 
36 
13 
dx 
0 
0 
12 
0 
0 
9 
3 
4 
2 
4 
3 
0 
3 
3 
0 
0 
2 
0 
0 
0 
4 
0 
0 
0 
0 
0 
15 
23 
13 
lOOqx 
0.000 
0.000 
12.000 
0.000 
0.000 
10.230 
3.800 
5.260 
2.780 
5.710 
4.550 
0.000 
4.760 
5.000 
0.000 
0.000 
3.510 
0.000 
0.000 
0.000 
7.270 
0.000 
0.000 
0.000 
0.000 
0.000 
29.410 
63.890 
100.000 
Lx 
50.00 
100.00 
100.00 
94.00 
88.00 
88.00 
83.50 
77.50 
74.00 
71.00 
68.00 
64.50 
63.00 
61.50 
58.50 
57.00 
57.00 
56.00 
55.00 
55.00 
55.00 
53.00 
51.00 
51.00 
51.00 
51.00 
51.00 
43.50 
24.50 
Tx 
1852.5 
1802.5 
1702.5 
1602.5 
1508.5 
1420.5 
1332.5 
1249.0 
1171.5 
1097.5 
1026.5 
958.5 
894.0 
831.0 
769.5 
711.0 
654.0 
597.0 
541.0 
486.0 
431.0 
376.0 
323.0 
272.0 
221.0 
170.0 
119.0 
68.0 
24.5 
ex 
37.050 
18.030 
17.030 
17.050 
17.140 
16.140 
15.960 
16.120 
15.830 
15.460 
15.100 
14.860 
14.190 
13.510 
13.150 
12.470 
11.470 
10.660 
9.840 
8.840 
7.840 
7.090 
6.330 
5.330 
4.330 
3.330 
2.330 
1.560 
1.000 
85 
Table-2.7. Age specific life table of P. xylostella on cauliflower at 35°C. 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Ix 
100 
100 
100 
38 
38 
28 
25 
22 
20 
18 
17 
16 
15 
14 
11 
8 
8 
5 
dx 
0 
0 
62 
0 
10 
3 
3 
2 
2 
1 
1 
1 
1 
3 
3 
0 
3 
5 
lOOqx 
0.000 
0.000 
62.000 
0.000 
26.316 
10.714 
12.000 
^9.091 
10.000 
5.556 
5.882 
6.250 
6.667 
21.429 
27.273 
0.000 
37.500 
100.000 
Lx 
50.00 
100.00 
100.00 
69.00 
38.00 
33.00 
26.50 
23.50 
21.00 
19.00 
17.50 
16.50 
15.50 
14.50 
12.50 
9.50 
8.00 
6.50 
Tx 
580.5 
530.5 
430.5 
330.5 
261.5 
223.5 
190.5 
164.0 
140.5 
119.5 
100.5 
83.0 
66.5 
51.0 
36.5 
24.0 
14.5 
6.5 
ex 
11.610 
5.305 
4.305 
4.790 
6.882 
6.773 
7.189 
6.979 
6.690 
6.289 
5.743 
5.030 
4.290 
3.517 
2.920 
2.526 
1.813 
1.000 
Table-2.8. Age specific life table of P. xylostella on cauliflower at 37°C. 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
lx 
100 
100 
34 
34 
23 
23 
16 
16 
11 
7 
2 
2 
dx 
0 
66 
0 
11 
0 
7 
0 
5 
4 
5 
0 
2 
lOOqx 
0.000 
66.000 
0.000 
32.353 
0.000 
30.435 
0.000 
31.250 
36.364 
71.429 
0.000 
100.000 
Lx 
50.00 
150.00 
117.00 
51.00 
45.50 
34.50 
31.00 
24.00 
21.50 
14.50 
8.00 
3.00 
Tx 
550.0 
500.0 
350.0 
233.0 
182.0 
136.5 
102.0 
71.0 
47.0 
25.5 
11.0 
3.0 
ex 
11.000 
3.333 
2.991 
4.569 
4.000 
3.957 
3.290 
2.958 
2.186 
1.759 
1.375 
1.000 
86 
U 
o 
l-H 
o 
1 
o 
c 
o 
I 
a, 
O 
(U 
•!-> 
o 
o 
u 
ON 
I 
D 
O 
(U 
-s 
PH 
• »—1 
c l-H
^ 
o 
^ 
o 
a 
o 
^ 
"S 
,> 
s 
8 
II. 
^ ^ 
OH ^ 
g ^ 
C 
• > . 
6 
Z 
C3 
d 
on 
C/3 
CS Ch -"d- ON in ^O 
ON •* CN H* m ro 
-^ (N --^  OJ O r~ 
,-H — r— — ^ m 
o o o o o o 
O <—I NO -^ ON in ^H 
O OO w-i -^ - H — -^ 
O oo t-^  NO in ^ O 
(-g _; ^ ^ ^ _j ^ 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
NO m NO m ON •^ 
—' m ON m NO NO 
d r<^ (N m (N m 
O O O O O -H' 
o o cN o oo m 
NO IT) r~- iri OO CN 
r~- t--- r- r- t-; Tt 
o o o o o o 
NO 
oo 
ON 
o 
o 
o 
•>* 
o 
o 
o 
lO 
o 
oo 
O 
o 
o 
(N 
0\ 
NO 
^ 2 : ^ : : r - : f ; ~ o 
g NO r-
2 <~^  i^ ^ en NO r-
^ ro CN -^  ° 
53 M 
bO ^ 
bo 52 W .S 
,__, I—( ) 
•^ •-' C-. 
03 
AH 
O 
o 
O 
o 
1 
o 
CI 
o 
o 
a, 
-4-» 
t>0 
a 
in m m 
in m NO 
bO 
o 
i^  
o 
"crt 
> 
& 
§ 
> 
1 
00 
c 
o +-» 
1 
H 
CO 
NO NO m in -^ 
o o o o o 
o o o 
o m oo >n 
r^ 00 -"^  NO 
"^ O 
o — 
o o o o 
O ' ^ 0 N < ^ N 0 0 0 c n N 0 
o c o k o - ^ i n o N o i n 
o O N O O O o t ^ r - N O m 
V) 
C W 
PH o s 
o 
NO 
oo 
in 
oo 
CO 
00 
in 
m 
00 
ON 
rr 
ro 
m O 
m 
in 
rn fN 
'sf 
m 
ON 
ro 
o 
o 
o 
o 
m (N oo 
NO NO m 
o 00 ON oo 
•^ — H o r -
-^ --H ^ —; .—I - H C N 
o o o o o o o 
!3H 
1/3 
0) 
bO 
(/3 
o o oo r-~ in <N m NO NO r-- r- ON o oo 00 oo oo oo 00 ON r-
o o o o o o o 
^ 
o 
o 
ro CN) 00 NO 
in NO o CN 
'-H m in ON _ 
CO CN <N 
ON 
m 
o _; -H o\ CN 
2 ; 2 o N 0 O N O . n 2 ^ 
o 
o NO ^ m t^ •-< NO NO oo t~- NO <n m •^ r<-) 
b.S I I I Is^^ a 
3 > (L> P H < J 
87 
^O 00 ^ <N - ^ 
o -—' iri r~- r~-
(50 
o 
1 
CO 
Vi 
1 
o 
2 
03 
O 
00 
O rl-
V^ VI <0 -^ <r\ -rt <j~i 
p p O O O O O 
O O O O O O O 
00 
VO 
O 
O O ^ o o ^ o > / ^ o o o o r < - l 
O ' ^ O N C O O O - ^ O l / ^ 
o o \ o o o o r ~ ~ r - - t ^ v o 
CO 
d 
't 
6 
1/3 
• I - ' 
(N VO ON • * 00 (N O 
vo ON r - vo — —I o 
in ^ cS ^ p •<*; p 
in in r-^  iri -^ -rf- >o 
vo vo 00 oo en o m 
m vo •—I -^ CT\ oo m (N (N vo •-< 00 0 \ m 
r-H —< ^ - ^ O O ^ 
o o o o d o d 
o oo -^< r-- 00 —H <N 
ON OO vo ON —< — 00 
OO OO OO 00 ON ON 00 
d d> <S d <oi d> d: 
o 
o 
o 
^ 
m <N 
•<fl-
<N 
ON 
• * 
Os 
<N 
r^ ON 
ON (N 
-H ON 
m 
NO 
n i^  2 2 «« «» z; 
Z ^ S l ^ ' ^ ' ' ^ ' ' ^ ^ ! ^ 
i = ; O N O N 0 0 — v O r - H i n 
— o o r ^ N O N O i n i n - ^ 
is c3 c3 B S ^ ^ 
<50 • 'T; i n 
m C .5 
»:^  H-^  a •> a* 
O 
o 
O 
<N 
ts 
O 
1 O 
c 
o 
0^ 
o 
o 
'o 
(U 
a 
CO 
••-» 
1) 
03 
S I 
(=0 
o 
1) 
6 
^ 2 
3 
00 
o 
c 
o 
o 00 r-- 00 m '-^ C--
^ Tj- vo NO r - (N 00 
• * m (N ^^ —I '— ^-' p o p p p p p 
d d d d d <6 <d> 
o o N ' ^ o o - ^ r o ' — ' f o 
o i n c s o N o o N o m c o 
p O N O N O O O O O O O O O O 
H 
60 
d 
GO 
d 
:2 
bO 
V2 
in t-- Tt -^ m >n o 
<N ^O O 00 ON ^ O 
o- vo rn vq r~; ON p 
^ >n •*' CN r4 -— CO 
O N en r<^ O N -—I 00 - ^ 
ON 00 NO m •<*• ( N • * p o o o p o p 
d> d d> d d d d 
O —I in o in ^ c~-
o m o cN o (N c-~ 
-^ cN •^ NO NO r-- m 
ON ON ON ON ON ON ON 
d d d d d d d 
m 
NO 
Nd 
0 
0 
0 
ON 
ON 
r--
m 
ON 
i n 
ON 
m 
ON 
m 
0 
<N 
m 
^ 
ON r - m m m (N m 00 NO 
S — ' ^ O N N O m — < o o 
~ O N O o r ~ - r ^ r ^ r - N o 
ao % 
w .S 
J3 
CO 
J3 ^ 
§ . S 
« 3 > (U O H < J —c O H 
88 
o 
c 
a, 
O N so O m O rj- O N 
NO m •—' O N 00 CN V) 
cN m m en ^^  —^  <N 
o o o o o o o 
o o o o o o o 
O — i n i r i c s m o o O N 
o m O N O o o N — H o o f s i 
O O N O N O N O O O O O O O O 
04 ^ ^ ^" _ ; ^ ^ _ ; 
oo 
o 
o ^ 
S 
^ 2 III 
00 
o 
* 
S 2 
ON O >r) ON NO Tt o 
•^ m '— -^ -^ oo <z> 
•^ cN 00 ^ r~; oo o 
•^' w-i T:f vd ( N —" -^ 
00 lo -^^  NO en o m 
CO O •<* - ^ CN 0\ ^ 
NO oo r~- OS -^ (N NO p o o o o o o 
o o o o o o o 
o 
o 
NO m 00 
<r> a s '-^ (N m — lo 
o 
ON ON ON ON ON ^ ON 
O O O O O O O 
OX) 
6 
(50 
3 
d 
on 
V3 
O 
o p 
NO 
o\ 
o o NO 
NO OO 
o 
•—I O N 
00 r-
•^ (N i n 
NO r-~ NO r~- m C4 "i*- NO 
2 - ^ r - ~ ^ - ^ - ^ O N m 
^ O N o o o o t - - r - N O N O 
W -S -^  •- i f2 < 
^ « a > £ 
u 
o O 
m 
o 
1 
o 
o 
So 
o 
(L) 
1 
O 
s 
'o 
O H 
CZ5 
CN 
I 
?< 
• " " ^ 
^ 
m 
m 
m 
o 
ON 
NO 
•rf 
o 
m 
CM 
in 
o 
00 
m 
• * 
o 
in 
ro 
•t 
O 
m 
m r—* 
o 
oo 
<N 
<^  
o 
>i<i 
00 
O 
<u 
CO 
o o o o o o o 
o m N o — < c n O N - ^ ^ O r f t - ~ i n O N i n o r ~ -0 ' ^ 0 \ T f O N > n - ^ o 
o o N O o o o t - - r ^ t - - r - -
m 
CM 
ON 
t^  
(N 
O ^ 
6 
< 6 
-O ON ON NO O NO oo 
m o in NO r- m ON 
ON 00 in NO rn 00 O N 
NO in" NO in in ^ CO 
Tj- --H rn -H r-H Tt oo 
-- — — -H ,-< O O 
o o o o o o o 
00 O ON O O NO m 
oo ON 00 ON ON ON ON 
O O O O O O O 
O r<-) ON O 
O CNl to O 
(N O —: O 
cs -H r--
in in CS i:! ;=; ^  ^ ON m r-
d 
00 
3 
d 
••-» 
00 
o o o o o o o p o p p p 
' r-^  NO fsi ^' £:< ON ON 
i c o o o o o o o 
H p p p p p p p 
2 o d o N O r o t - - ^ i n ^ 
^ o o r ^ r ^ N o m m m 
89 
t o 
O 
<N vo r - o m t~~ m 
O (N ^ CS -^t - ^ 00 
tN m o -^ oo o m 
T t ^ ^ ^ O ^ -H 
o o o o o o o 
o o N t - c N O v O ' - ^ m 
• ^ _ ; ^ ^ ^ o (N 
o 
r - CN CO - ^ 
<n 00 m -H 
00 - ^ m t^ 
2 <N tN CN 
(N O 
00 o 
^ o 
- ^ fS rn 
o^ <—I r^  —' m t^ o 
CO W-1 
• * -"t (N m 
OS — r~ t~~ 
vq rn CN (N <N <N f^ 
^ o o o o o o 
fa 1^  
S 2 
< 6 
H 
(SO 
a 
d 
60 
6 
Z 
(A 
00 
ON 
s£> 
Os 
O 
i4 
oo f- r-~ <r> t-~ 
vo >n CN m ir> 
oo m 00 r-- (N oo (N 
r<i r- r~- C-- 00 r-- r--
o 
o 
o 
o o o 
t--
o o o 
o 
o 
o 
(N 
SO 
m 
so 
OS 
—« <N t~~ 
0\ 
T-H t-~ 
SO CN <N (N ^ <N CN 
^ ^ • ^ u ~ , m c r ) ( ^ O C 
oo 00 <N r-~ r f ' -
m (N (N ) - . r^ 7Z O^ 
S ^ B I I ..^ 
•j_* -rr r/^  t/j ^ ir .^ (50 23 c .S .S 
w .S -S ^ 
H-1 K S >-* H 
eu 
u 
o 
•s 
(-1 
o 
1 
o 
c 
o 
o 
(U 
O 
"o 
u 
D, 
(U 
•4-» 
SO 
I 
5\> 
?( 
-^  iJ 
lO 
oo 
so 
• ^ 
oo 
OS 
so 
'—' 
so 
r-
vn 
^ H 
r-
<N 
so 
'—1 
m 
so OS 
^^  
,^  
rf 
'* lO 
60 
O 
CO 
s 
t|g 
o o o o o o 
o 
OS 
Os 
SO 
^ 
o 
o 
o 
o 
in 
^ H 
m in 
r-
.-^  
so 
m 
^ H 
-^  
o CN 
T^ 
1—t 
Tt-
o 
^-H 
iri 
• * 
oo 
O 
»-^  
o 
r<-) 
o o o o o o o o o o o o 
o o o o o o 
o o o o o o 
(N 
T—^ 
TT 
ON 
- H 
n-1 
00 
r-~ 
'^ i-
o 
tn 
t-~ 
r*^  
Tf 
o 
m 
• ^ 
>r> 
• * 
o 
•«t 
t>—4 
r^  in 
o, 
o 
o 
o 
>n 
f^ 
(U S 
ft ^ a 2 < S 
60 
d 
:2 
60 
£3 
CO 
d 
(/I 
V 60 
cd 
^ - » 
00 
H 
O »n f- m •^ t~-O so lo t~- so m 
Tf r~ OS oo f<-i 00 
r<i so so so sq (N 
o o o o o o 
O m m o -^ 0\ O m <^ >n so (N O rn -^ <N en -^ 
s o (N O --< s o --< 
so m rn m m t~^ 
i g :: «-- -^  • * <o cN o 
^ m so 
m (N ^ ;_; f- <N o 
60 •» CO 
P i 
'i_, »-i a r> 
90 
Table-2.17. Age specific fecundity of P. xylostella on cauliflower at 10°C. 
Pivotal 
age 
(Day) 
X 
Age specific 
female 
survivorship 
Ix 
0.00-88.5 I m m a t u 
88.8-90.5 P r e 0 V i 
90.5 
91.5 
92.5 
93.5 
94.5 
95.5 
96.5 
97.5 
98.5 
99.5 
100.5 
101.5 
102.5 
103.5 
104.5 
104.5-124.5 
SUM 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
NER 
Fecundity 
mx 
r e S t a g 
p 0 s i t i 
10.83 
5.33 
3.67 
4.83 
4.00 
3.67 
0.83 
1.33 
1.00 
0.83 
0.67 
0.17 
0.50 
0.17 
0.33 
38.16 
Ix.mx 
e 
0 n P e r 
4.01 
1.97 
1.36 
1.79 
1.48 
1.36 
0.31 
0.49 
0.37 
0.31 
0.25 
0.06 
0.19 
0.06 
0.12 
-
14.12 
Ixntx.x 
i o d 
362.64 
180.45 
125.61 
167.09 
139.86 
129.68 
29.64 
47.98 
36.45 
30.56 
24.91 
6.38 
18.96 
6.51 
12.76 
-
1319.48 
Value of 
Where r„ = 
0.0284 
0.307 
0.147 
0.098 
0.126 
0.101 
0.090 
0.020 
0.031 
0.023 
0.018 
0.014 
0.004 
0.010 
0.003 
0.006 
-
1.000 
% Constitution 
of each group 
towards ' r ' 
30.75 
14.71 
9.84 
12.59 
10.14 
9.04 
1.99 
3.10 
2.26 
1.83 
1.43 
0.35 
1.01 
0.33 
0.63 
-
100.00 
Table 2.18. Age specific fecundity of P. xylostella on cauliflower at 15°C. 
Pivotal 
age 
(Day) 
X 
Age specific 
female 
survivorship 
Ix 
0.00 - 40.5 I m m a t u 
40.5-41.5 P r e 0 v i 
41.5 
42.5 
43.5 
44.5 
45.5 
46.5 
47.5 
48.5 
49.5 
50.5 
51.5 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
51.5-61.5 NER 
SUM 
Fecundity 
mx Ix.mx 
r e S t a g e 
p 0 s i t i 
27.33 
16.50 
9.17 
6.00 
5.83 
4.67 
2.33 
2.00 
1.17 
1.17 
0.00 
-
76.17 
0 n P e 1 
12.30 
7.43 
4.13 
2.70 
2.62 
2.10 
1.05 
0.90 
0.53 
0.53 
0.00 
-
34.28 
Ixmx.x 
r i 0 d 
510.39 
315.56 
179.50 
120.15 
119.37 
97.72 
49.80 
43.65 
26.06 
26.59 
0.00 
-
1488.80 
Value of 
e-'^'h.m, 
Where r„ = 
0.0187 
0.415 
0.231 
0.118 
0.071 
0.064 
0.047 
0.022 
0.017 
0.009 
0.009 
0.000 
-
1.000 
% Constitution 
of each group 
towards ' r ' 
41.48 
23.08 
11.82 
7.13 
6.38 
4.71 
2.17 
1.71 
0.92 
0.85 
0.00 
-
100.00 
NER=No eggs recorded 
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Table-2.19. Age specific fecundity of P. xylostella on cauliflower at 20°C. 
Pivotal 
age 
(Day) 
X 
Ag ;e specific 
female 
survivorship 
0.00 - 28.5 I 
28.5 - 29 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
41.5 
.5P 
tl.5-50.5NER 
SUM 
Ix 
m m a t u 
r c 0 V i 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.680 
Fecundity 
mx Ix.mx 
: r e S t a g e 
p 0 3 i I 1 
27.00 
17.50 
8.83 
24.00 
24.33 
7.33 
5.17 
4.33 
4.00 
3.17 
2.33 
1.33 
-
129.32 
o n P e r 
18.36 
11.90 
6.00 
16.32 
16.54 
4.98 
3.52 
2.94 
2.72 
2.16 
1.58 
0.90 
0.00 
-
87.94 
Ixmx.x 
i 0 d 
541.62 
362.95 
189.14 
530.40 
554.24 
171.96 
124.80 
107.47 
102.00 
82.99 
62.58 
36.63 
0.00 
-
2866.78 
Value of 
Where r„ = 
0.1392 
0.302 
0.170 
0.075 
0.177 
0.156 
0.041 
0.025 
0.018 
0.015 
0.010 
0.006 
0.003 
0.000 
-
1.000 
% Constitution 
of each group 
towards 'r ' 
30.23 
17.05 
7.48 
17.70 
15.61 
4.09 
2.51 
1.83 
1.47 
1.01 
0.65 
0.32 
0.00 
-
100.00 
Table-2.20. Age specific fecundity of P. xylostella on cauliflower at 25°C. 
Pivotal 
age 
(Day) 
X 
0.00-
18.5-
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
Age specific 
female 
survivorship 
Ix 
18.5 I m ma t 
19.5 P r e 0 V i 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.59 
0.51 
0.46 
0.31 
30.5 -34.5 NER 
Fecundity 
mx 
u r e S t a 
p 0 s i t 1 
32.33 
17.33 
12.83 
10.67 
7.33 
7.67 
6.33 
5.67 
4.83 
3.33 
3.00 
0.00 
-
111.32 
Ix.mx 
g e 
i o n P e r 
20.69 
11.09 
8.21 
6.83 
4.69 
4.91 
4.05 
3.63 
2.85 
1.70 
1.38 
0.00 
-
70.03 
Ixmx.x 
i 0 d 
403.48 
227.37 
176.54 
153.65 
110.24 
120.27 
103.31 
96.16 
78.37 
48.40 
40.71 
0.00 
-
1558.49 
Value of 
Where r „ = 
0.1956 
0.456 
0.201 
0.122 
0.084 
0.047 
0.041 
0.028 
0.020 
0.013 
0.006 
0.004 
0.000 
-
1.000 
% Constitution 
of each group 
towards 'r ' 
45.64 
20.12 
12.25 
8.38 
4.73 
4.07 
2.76 
2.00 
1.30 
0.60 
0.40 
0.00 
-
100.00 
NER=No eggs recorded 
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Table-2.21. Age specific fecundity of P. xylostella on cauliflower at 30°C. 
Pivotal 
age 
(Day) 
X 
Age specific 
female 
survivorship 
0.00 -20.5 I 
20.5-21.5 P 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
SUM 
Ix 
m m a t u 
r e 0 V i 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.36 
0.13 
Fecundity 
mx 
r e S t a g 
p 0 s i t i 
27.67 
21.33 
16.17 
12.33 
8.17 
5.67 
4.50 
3.17 
99.01 
Ix.mx 
e 
0 n P e r 
14.11 
10.88 
8.25 
6.29 
4.17 
2.89 
1.62 
0.41 
48.62 
Ixmx.x 
i 0 d 
303.40 
244.76 
193.80 
154.06 
106.25 
76.63 
44.55 
11.74 
1135.20 
Value of 
Where r „ = 
0.1681 
0.381 
0.248 
0.159 
0.102 
0.057 
0.034 
0.016 
0.003 
1.000 
% Constitution 
of each group 
towards 'r ' 
38.06 
24.80 
15.89 
10.24 
5.74 
3.37 
1.59 
0.34 
100.00 
Table-2.22. Age specific fecundity of P. xylostella on cauliflower at 35°C. 
Pivotal Age specific Fecundity 
age female 
(Day) survivorship 
X Ix mx Ix.m: 
Value of 
e "• I,.m, 
Where/•;„ = 
Ixmx.x 0.1409 
% Constitution 
of each group 
towards 'r ' 
0.00-14.5 I m m a t u r e S t a g e 
14.5-15.5 P r e o v i p o s i t i o n P e r i o d 
15.5 7.83 0.8 6.27 97.13 
16.5 2.67 0.8 2.13 35.20 
17.5 2 0.5 1.00 17.50 
0.706 
0.209 
0.085 
70.61 
20.88 
8.50 
SUM 2.10 9.40 149.83 1.000 100.00 
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Table-2.25. Development/day of P. xylostella at constant temperatures. 
Temp. (°C) 
5 
7 
10 
15 
20 
25 
30 
35 
37 
40 
Egg 
NCD 
0.052 
0.055 
0.117 
0.183 
0.272 
0.330 
0.364 
0.943 
NCD 
I instar 
-
0.068 
0.077 
0.147 
0.213 
0.294 
0.405 
0.493 
0.500 
-
II instar 
-
0.083 
0.085 
0.181 
0.247 
0.306 
0.397 
0.599 
0.813 
-
Ill instar 
-
0.087 
0.092 
0.159 
0.225 
0.331 
0.364 
0.521 
0.667 
-
IV instar 
-
0.083 
0.095 
0.172 
0.262 
0.319 
0.326 
0.439 
0.526 
-
Pre-pupa 
-
0.364 
0.400 
0.667 
0.800 
1.149 
2.000 
2.000 
4.348 
-
Pupa 
-
0.037 
0.040 
0.128 
0.145 
0.202 
0.333 
0.364 
0.444 
-
Adult 
-
0.000 
0.032 
0.045 
0.052 
0.064 
0.088 
0.323 
0.000 
-
Table-2.26. Estimates of development /day of P. xylostella at constant temperatures 
by linear regression curve. 
Temp. (°C) 
5 
7 
10 
15 
20 
25 
30 
35 
37 
40 
Egg 
NCD 
-0.037 
0.027 
0.133 
0.239 
0.345 
0.451 
0.557 
0.600 
NCD 
I instar 
-
0.036 
0.082 
0.160 
0.238 
0.315 
0.393 
0.471 
0.502 
-
II instar 
-
0.009 
0.074 
0.181 
0.288 
0.395 
0.502 
0.610 
0.652 
-
in instar 
-
0.032 
0.086 
0.175 
0.264 
0.352 
0.441 
0.530 
0.566 
-
r v instar 
-
0.066 
0.108 
0.176 
0.245 
0.314 
0.383 
0.451 
0.479 
-
Pre-pupa 
-
-0.088 
0.215 
0.721 
1.226 
1.731 
2.237 
2.742 
2.944 
-
Pupa 
-
0.007 
0.047 
0.114 
0.180 
0.247 
0.313 
0.380 
0.406 
-
Adult 
-
0.005 
0.019 
0.042 
0.065 
0.088 
0.110 
0.133 
0.143 
-
NCD= Not completely developed 
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Table-2.30. Estimates of cubic polynomial curve fitting on the development 
of P. xylostella at constant temperature. 
Stages 
Egg 
I instar 
II instar 
III instar 
IV instar 
Pre-pupa 
pupa 
Adult 
Constants 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
a 
b 
c 
d 
Coefficient 
0.3587 
=0.0818 
0.0054 
-8.46E-05 
0.3257 
-0.0753 
0.0054 
-8.96E-05 
0.396 
-0.0888 
0.0061 
-9.89E-05 
0.3416 
-0.0763 
0.0054 
-8.89E-05 
0.2086 
-0.0471 
0.0038 
-6.77E-05 
2.0226 
-0.4443 
0.0287 
-0.0005 
0.2625 
-0.0621 
0.0043 
-7.13E-05 
0.1268 
-0.03 
0.002 
-3.31E-05 
Std. Error 
0.6061 
0.1141 
0.0058 
8.52E-05 
0.2742 
0.0516 
0.0026 
3.85E-05 
0.4984 
0.0938 
0.0048 
7.01E-05 
0.3913 
0.0737 
0.0037 
5.50E-05 
0.2971 
0.0559 
0.0028 
4.18E-05 
2.7376 
0.5154 
0.0261 
0.0004 
0.2487 
0M6^ 
0.0024 
3.50E-05 
0.2302 
0.0433 
0.0022 
3.24E-05 
t. value 
0.592 
-0.717 
0.931 
-0.993 
1.188 
-1.459 
2.048 
-2.324 
0.795 
-0.947 
1.283 
-1.412 
0.873 
-1.035 
1.442 
-1.616 
0.702 
-0.841 
1.359 
-1.620 
0.739 
-0.862 
1.099 
-1.170 
1.056 
-1.326 
1.822 
-2.039 
0.551 
-0.693 
0.917 
-1.023 
P value 
0.576 
0.501 
0.388 
0.359 
0.280 
0.195 
0.087 
0.059 
0.457 
0.380 
0.247 
0.208 
0.416 
0.341 
0.200 
0.157 
0.509 
0.433 
0.223 
0.156 
0.488 
0.422 
0.314 
0.287 
0.332 
0.233 
0.118 
0.088 
0.602 
0.515 
0.395 
0.346 
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3. Studies on the effect of Brassica hosts on life table and development of P. 
xylostella. 
A. Effect of Brassica hosts on life table of P. xylostella: 
a. Stage specific life table (Table-3.1 to 3.8): 
The highest unhatched eggs were recorded on radish and minimum on 
cauliflower in both cropping seasons. Hatching of eggs was more on 
cauliflower than on cabbage in both seasons. Larval mortality was least on 
cauliflower and maximum occurred on radish in both years (2004 and 2005). A 
minimum of 7.69 and 8.57 percent mortality of pre-pupa obtained on 
cauliflower in 2004 and 2005, respectively and maximum on radish and a 
similar observation was also found on pupal stage that mortality from 
cauliflower to radish is found in increasing order, respectively in both cropping 
years. The highest i.e. 52 and 50 adults of P. xylostella were emerged from 
cauliflower and lowest i.e. 11 and 10 adults from radish in 2004 and 2005, 
respectively. 
Survival Fraction {Sx)'. 
The survival fraction {Sx) varies with host plants that affect on life 
stages of P. xylostella. In egg stage, values were 0.940, 0.910, 0.890 and 0.860 
on cauliflower, cabbage, broccoli and radish, respectively in 2004 and almost 
similar results in second year also. In both years, survival fractions of immature 
stages were found to be high on cauliflower in comparison to other host plants. 
Mortality Survival Ratio {MSR)'. 
Mortality survival ratio differs in immature stages in both cropping 
seasons. MSR of egg is 0.064 on cauliflower, 0.163 on cabbage and 0.099 on 
radish in 2004. The mortality survival ratio for immature stages was highest on 
radish and lowest on cauliflower in year of 2004 and 2005. 
Indispensable Mortality (/A/): 
Cauliflower, cabbage, broccoli and radish are responsible for causing 
indispensable mortality of P. xylostella. The highest indispensable mortality 
was on broccoli and lowest on cauliflower in 2004 and it was highest on radish 
and lowest on cauliflower in 2005. The highest indispensable mortality was 
recorded on pupal stage in comparison to other life stages of P. xylostella for 
host plants in both cropping seasons. 
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K-Value: 
Maximum K-value was recorded on radish i.e. 0.959 and lowest i.e. 
0.285 on cauliflower in 2004 and similar observation was also found in second 
cropping season where the values were found to 1.00 and 0.301, respectively. 
The highest K-value was found on egg stage and lowest on pupa on different 
host plants. 
b. Fecundity and life indices of P. xylostella: 
After emergence, adult were sexed and caged and provided fresh host 
plants. Generally, females start laying eggs one day after emergence and this 
period is treated as pre-oviposition. Host plants are significantly (/*<0.05) 
discriminated by females for the oviposition. Cauliflower receives highest 
number of eggs i.e. 190.02 followed by cabbage i.e. 164.86 eggs and radish 
smallest (3.56 eggs) in 2004 (Table-3.19). Although there is an increase in egg 
deposition in the experiments conducted during rabi season of 2005. The 
female preferred to lay more eggs on cauliflower (214.26) followed by 
broccoli. Regression analysis for eggs on host plants yielded 0.858 and 0.154 
values ofR^ in both cropping seasons, respectively. The post-oviposition period 
was also recorded on cauliflower and cabbage and the adult females survived 3 
days after completion egg laying during 2004 and one day recorded on cabbage 
in 2005. nix is considerably affected by age and host plants, nix is greatest in the 
beginning of age for all host plants means maximum number of eggs deposited 
by a female one day after emergence and then declines gradually with 
advancing age (Table-3.9 to 3.16). 
Life table indices (Table-3.17 and 3.18) are presented for two cropping 
seasons of 2004 and 2005. Pf differed significantly (/'<0.05) between the host 
plants and also variable during 2004 and 2005. The potential fecundity {Pj) was 
maximum on cauliflower in both experimental years and minimum on radish 
i.e. 41.78, and 62.25 in 2004 and 2005, respectively. In 2005, potential 
fecundity was higher on broccoli than even on cabbage. R^ for {Pf) was 
recorded as 0.301 and 0.154 in both cropping years, respectively. The net 
reproductive rate {RQ) decreases significantly (/'<0.05) from cauliflower to 
cabbage, broccoli and to radish in 2004 and 2005. The highest RQ occurred on 
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cauliflower (48.48 and 55.43 females/female) and smallest on radish (3.531 
and 4.23) on 2004 and 2005, respectively. The capacity for increase (r^ ) was 
calculated for both cropping season of 2004 and 2005 and were significantly 
(P<0.05) variable between the host plants. The highest (r^ .) was found to be on 
cauliflower and 0.166 and 0.1141females/female/day was on cabbage in 2004 
and 2005, respectively. The intrinsic rate of increase (r„) is significantly (F 
4.050, df3, 11, P<0.05) variable among the host plants tested and also in both 
years i.e. 2004 and 2005. Highest r^ occurred on cauliflower i.e. 0.1413 and 
0.1368 females/female/day in both 2004 and 2005, respectively followed by 
cabbage and lowest on radish in both years, r^ was subjected to Pseudo-value 
of Jackknife and found that there was difference in (r^) of cauliflower during 
2004 and 2005 as well as for other host plants. Finite rate of increase is always 
found to be greater than the r^ of respective host plant. Cauliflower and 
cabbage are significantly differed with each other and broccoli and radish are 
not during 2004 and fractional difference was calculated among host plants 
tested in 2005. T^ is not significantly different in cauliflower and cabbage as 
well as broccoli and radish in 2004. 29.73 and 29.42 days required by P. 
xylostella to complete a single generation on cauliflower and cabbage. 
However, P. xylostella takes 35.11 days to complete its generation on radish in 
2004 and 35.39 day on the same host plant in 2005. Corrected generation time 
(r) was significantly (/'<0.05) varied on the host plants as well as in 2004 and 
2005. Corrected generation time (r) was found to be shortest (27.47 days) on 
cauliflower and prolonged to 35. 09 days on radish during 2004, while 35.36 
days required to complete a generation by P. xylostella on radish in 2005. 
Moreover, 29.32 days was the corrected generation (T) on cauliflower in 2005. 
Doubling time {DT) is significantly different on host plants. Shortest (4.91 
days ) doubling time {DT) was found on cauliflower and prolonged to 19.28 
days on radish during 2004, while doubling time is substantially increased 
(5.07 days) on cauliflower although it is shortest doubling time for P. xylostella 
on cauliflower in 2005 but 16.99 days was on radish in 2005, which is shorter 
than calculated in 2004. P. xylostella breeds fast on cauliflower in comparison 
to other host plants in both years of 2004 and 2005 and A.R.I, is significantly 
(/'<0.05) low on the radish. 
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Host plants have significantly (P<0.05) affected the life table 
parameters of P. xylostella and also found variation during 2004 and 2005. 
Survival of P. xylostella was found higher on cauliflower than on cabbage, 
while least on radish during both years of study. Survival differences of larvae 
of P. xylostella were observed on broccoli and cauliflower (Lin et al., 1983, 
Stoner, 1990) and also highest P. xylostella survival when fed on cauliflower 
followed by cabbage. Lowest and highest survival to adult stage of P. xylostella 
was on turnip, B. napus and broccoli, B. oleracea Italica, respectively (Syed 
and Abro, 2003). Larval survival of P. xylostella has been shown to be higher 
on younger than that of older leaves of cabbage and collard plant (Badenez-
Perez et al, 2005a). Although survival was high on cabbage but no larvae of P. 
xylostella survived on B. vulgaris (Badenez-Perez et al., 2006) because saponin 
acting as a feeding deterrent responsible for lack of survival of P. xylostella 
larvae (Shinoda, 2002, Agerbirk et al, 2003). However, Kahuthia-Gathu et al. 
(2008) reported that larval survival varied considerably between wild and 
cultivated species of crucifers and found that larval survival was high on 
cabbage and kale than the other wild crucifers. Mortality of immature stages of 
P. xylostella is less on the cauliflower and high on radish in the present study. 
Almost same result obtained by Syed and Abro (2003) on the larval mortality 
of P. xylostella. 
In the present study, P. xylostella laid more eggs on cauliflower than on 
cabbage and least on radish. It was also reported by Syed and Abro (2003) that 
highest numbers of eggs were laid by P. xylostella when larvae reared on 
cauliflower followed by cabbage in comparison to turnip and radish. Although, 
fecundity seems to be dependent on quality of food (Koshihara, 1986) and 
generally, insect oogenesis has been shown to increase with host quality 
(Hopkins and Ekbom, 1999, Papaj, 2000). Significantly greater number of eggs 
laid by P. xylostella on cabbage than on cauliflower, broccoli and kohlrabi 
(Reddy et al, 2004). DBM laid significantly higher number of eggs on wild 
crucifers than on cabbage and kale but highest number of eggs was on Rorippa 
micrantha and the least on cabbage in both choice and no-choice tests 
(Kahuthia-Gathu et al, 2008). Moreover, Badenes-Perez et al. (2004) recorded 
12 times higher oviposition on yellow rocket, B. vulgaris than on cabbage, yet 
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yellow rocket does not support larval development and has even been termed as 
dead end trap crop (Lu et al., 2000, Shelton and Nault, 2004). Further studies 
of Badenez-Perez et al. (2006) showed that P. xylostella laid 28 percent more 
eggs on B. vulgaris var. arcuata than on cabbage. Since the number and 
placement of eggs is the result of a whole sequence of behavioural steps that 
start with long range attraction mediated by semiochemicals (Bemays and 
Chapman, 1994, Hardie et al., 2001) and green leaf volatiles (Reddy and 
Guerrero, 2000) and non volatile glucosinolate (Renwick and Radke, 1990). 
In the present study life table indices of P. xylostella varied significantly 
(P<0.05) in relation to host plants and cropping seasons of 2004 and 2005. In 
both years, Pf was highest on cauliflower and smallest on radish but Pj was 
higher on broccoli than on cabbage in 2005. Almost same finding was reported 
by Syed and Abro (2003) where Pf was highest on cauliflower and lowest on 
radish, Raphanus sativus. 
Net reproductive rate (RQ) of P. xylostella was highest on cauliflower 
and smallest on radish when the larvae reared on these host plants. Syed and 
Abro (2003) has reported the same result but broccoli yielded greater 
reproductive rate i.e. 197.03 females/female followed by cabbage and smallest 
on wild crucifer C. bursa-pastoris (Wakisaka et al, 1992). While Kahuthia-
Gathu et al. (2008) obtained highest net reproductive rate on wild crucifer, R. 
micrantha as compard to cabbage and kale. 
Intrinsic rate of increase (r^) of P. xylostella was also significantly 
(/'<0.05) affected by host plants and in two cropping seasons. Greatest r^ 
occurred on cauliflower and smallest on radish in both years of study in 
comparison to that of cabbage and broccoli. Syed and Abro (2003) also found 
the same result but broccoli showed a maximum r^ followed by cabbage 
(Wakisaka et al, 1992), while greater r^ was recorded on R. micrantha than on 
cabbage and kale (Kahuthia-Gathu et al, 2008). 
Generation time of P. xylostella is significantly (P<0.05) varied 
between the host plants. Generation time of P. xylostella was found to be 29.73 
and 29.58 days on cauliflower in 2004 and 2005, respectively followed by 
cabbage and prolonged to 35.11 and 35.39 days on radish in both years, 
respectively on P. xylostella. However, shorter generation time was on 
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cauliflower reported by Syed and Abro (2003) but prolonged on R. sativus. 
Shorter generation was on broccoli and prolonged on cabbage (Wakisaka et al, 
(1992). While, shorter generation was obtained on R. micrantha and prolonged 
on cabbage and kale (Kahuthia-Gathu et al, 2008). 
A. Effect of Brassica hosts on development of P. xylostellai 
Effect of Brassica hosts on development of P. xylostella was studies 
under protected field condition in two cropping seasons of 2004 and 2005. The 
results (Table-3.20 and 3.21) showed that host plants significantly and non 
significantly affected the developmental stages of P. xylostella. A significant 
(P<0.05) difference was obtained in the incubation period of eggs on 
cauliflower and radish in 2004. While, no marked difference was found on 
incubation period of egg on host plants in 2005. Value of i?^  is 0.947 and value 
of correlation is negatively non significant showing that prevailing field 
temperature substantially affected the hatching of eggs. Development of 
immature stage from egg to pupa are not significantly varied on cauliflower 
and cabbage and significantly (P<0.05) differed on broccoli and radish in 2004 
and 2005, respectively. In 2004, development of immature stage was 27.45 
days on cauliflower and prolonged to 30.62 days on radish. However, in 2005, 
24.15 days was on cauliflower and prolonged to 28.95 days on radish. Field 
temperature was negatively affecting the development of immatvire stages of P. 
xylostella. Longevity is shortest (7.50 days) on radish and 12.45 days on 
cauliflower and significantly (P<0.05) varies among the host plants in 2004 
and 2005. Field temperature substantially enhanced the longevity in 2004 and 
negatively (P<0.01) affected in 2005. 
Development rate of P. xylostella was obtained on host plants for 2004 
and 2005 (Table-3.22 and 3.24) and data was regressed using sigma plot 
version 10 (Table-3.23 and 3.25). Values of i?^ are quite low while, RSS is high 
on Brassica hosts grown in field condition of 2004 and 2005 (Table-3.26 and 
3.27). Thermal constants {K) significantly vary among the host plants as well as 
in 2004 and 2005. In 2004, maximum heat accumulated for development off. 
xylostella on cauliflower during both experimental seasons and minimum on 
radish. Although, thermal constant differs in both year of study. The required 
degree day for development of P. xylostella is calculated by Arnold method 
no 
(1959, 1960), which showed that DD requirement for the development of egg 
to emergence of adult varies in both cropping seasons (Table-3.28 and 3.29). 
When P. xylostella reared on radish more DD were required to complete the 
development of immature stages as compared to other host plants. 418.5 and 
331.13 degree days were required for development on cauliflower during 2004 
and 2005, respectively. 
Degree day was also calculated by averaging method (Wilson and 
Bamett, 1983) and the result (Table-3.30 and 3.31) showed that P. xylostella 
required maximum DD to complete its immature stages on radish in 2004 but 
394.95 DD on broccoli in 2005.While, 438.51 and 375.35 DD required on 
cauliflower in both years of study, respectively. 
Host plants have significantly (P<0.05) affected the development of P. 
xylostella. Development period of P. xylostella from egg to pupal stage 
(Immature stage) was found shortest on cauliflower and prolonged on radish in 
the present study. Sant et al. (1982) also reported that DBM completed larval 
and pupal development in the shortest time on cauliflower, cabbage and radish 
as compared to mustard and radish. It was further confirmed by Reddy et al. 
(2000) that shortest larval development time on cauliflower, cabbage and 
radish compared with turnip and mustard. While larvae consumed less foliage 
and required more time to complete development on kohlrabi and kale than 
other crops (Anonymous, 1994). Reports of Wakisaka et al. (1992) showed that 
development rate is varied when P. xylostella reared on Brassicacea plants, 
including wild hosts and shortest (15.2 days) on broccoli and 16.8 days on 
cabbage. Development time of P. xylostella was longer when reared on wild 
host plants than on cultivated varieties. Hamilton et al. (2005) compared the 
development time of larvae of P. xylostella reared on two cultivars, savoy king 
and green coronet cabbage and reported that larvae developed more rapidly on 
green coronet than savoy king. Syed and Abro (2003) found shortest and 
longest development period of larvae of P. xylostella on cauliflower and radish, 
R. sativus, respectively. Moreover, P. xylostella attacks on the Brassica crops 
and showed a marked preference for cauliflower and cabbage (Chand and 
Chaudhary, 1977) because they possessed fleshy succulent leaves that provides 
both olfactory and gustatory stimuli. Singh and Singh (1982) obtained faster 
I l l 
development of larvae and pupae of P. xylostella on cauliflower than other host 
plants. Idris and Grafius (1996) showed that DBM reared on cultivated 
Brassica cultivars, B. oleracea var. capitata and B. oleracea var. acephala that 
had a shorter larval development time than the wild crucifers due to suitability 
of the crop. Development period of larvae is shorter on cabbage than the larvae 
reared on kale (Kahuthia-Gathu et al, 2008). 
In the present study, thermal requirements or degree days vary from year 
to year and at different stages of life of P. xylostella. Thermal constants for 
each stage of life of P. xylostella were determined by regression model for both 
years of study. The result showed that thermal constants are significantly varied 
among the host plants and during the two cropping seasons. Thermal 
requirement was highest on cauliflower followed by cabbage and the least on 
radish in both years of study with a base temperature of 6.05°C. Degree days 
(Arnold method) showed that more DD is required to complete the 
development of immature stage on radish than other host plants and least heat 
is required on cauliflower in both years of study on P. xylostella. It was also 
found that degree days requirement was more in 2004 in comparison to 2005 
and the same is in the averaging method. While, Golizadeh et al. (2007) 
estimated lower thermal threshold and thermal constant from linear model and 
showed that at 7.06°C, 263.74 DD and 7.84°C, 261.68 DD on cauliflower and 
cabbage, respectively. They also found that development time is shorter on 
cauliflower than on cabbage. Thermal constant for development of immature 
stage was estimated to be 268.2 degree days with a base temperature of 7.2°C 
on cabbage (Liu et al, 2002). 
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Table -3.9. Fertility table of P. xylostella on cauliflower (2004). 
Pivotal 
age 
(Days) 
X 
Age specific Fecundity 
female 
surviorship 
Ix 
0.00-26.51 m m a t 
26.5-27.5 P r e 0 V i 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
0.52 
0.52 
0.52 
0.52 
0.52 
0.52 
0.52 
0.52 
0.46 
0.38 
0.23 
37.5-39.5 NER 
SUM 
mx 
u r e S t a 
p 0 s i t i 
27.00 
17.30 
18.39 
7.20 
6.75 
5.25 
3.38 
3.00 
3.00 
2.25 
1.50 
-
95.01 
Ix.mx 
g e 
o n P e r 
14.04 
8.99 
9.56 
3.74 
3.51 
2.73 
1.76 
1.56 
1.38 
0.86 
0.35 
-
48.48 
Ixmx.x 
i 0 d 
386.10 
256.31 
282.10 
114.19 
110.57 
88.73 
58.79 
53.82 
48.99 
31.21 
12.94 
-
1443.74 
Value of 
-rx r 
Where r „ = 
0.1413 
0.250 
0.139 
0.129 
0.044 
0.036 
0.024 
0.013 
0.010 
0.008 
0.004 
0.345 
-
1.000 
% Constitution 
of each group 
towards ' r ' 
25.04 
13.92 
12.86 
4.37 
3.56 
2.40 
1.34 
1.04 
0.80 
0.43 
34.50 
-
100.00 
Table-3.10. Fertility table of P. xylostella on cabbage (2004). 
Pivotal Age specific Fecundity 
age female 
(Days) surviorship 
h mx lx.m> 
Value of 
Where r „ = 
Ixmx.x 0.1175 
% Constitution 
of each group 
towards 'r ' 
0.00-26.5 1 m m a t u r e S t a g e 
26.5-37.5 P r e o v i p o s i t i o n P e r i o d 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.27 
0.18 
37.5-39.5 NER 
SUM 
26.00 
17.30 
16.10 
7.10 
3.20 
3.75 
3.00 
3.00 
1.50 
1.50 
-
82.43 
9.88 
6.57 
6.12 
2.70 
1.21 
1.43 
1.14 
1.14 
0.41 
0.27 
-
30.86 
271.65 
187.30 
180.42 
82.23 
38.24 
46.31 
38.19 
39.33 
14.38 
9.86 
-
907.92 
0.390 
0.231 
0.191 
0.075 
0.030 
0.031 
0.022 
0.020 
0.006 
0.004 
-
1.000 
39.03 
23.09 
19.10 
7.49 
3.00 
3.13 
2.23 
1.98 
0.63 
0.37 
-
100.00 
NER=No eggs recorded 
Table3.ll. Fertility table of P-rv/oifeZ/a on broccoli (2004). 
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Pivotal 
age 
(Days) 
X 
Age specific Fecundity 
female 
surviorship 
Ix mx Ix.mx 
Value of 
e" .Ij^.m^ 
Where r„ = 
Ixmx.x 0.0879 
% Constitution 
of each group 
towards 'r' 
0.00-30.5 I m m a t u r e S t a g e 
30.5-31.5 P r e o v i p o s i t i o n P e r i o d 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.16 
0.1 
0.05 
0.03 
21.00 
15.75 
11.25 
9.38 
8.25 
6.30 
3.38 
1.90 
0.65 
0.25 
5.25 
3.94 
2.81 
2.34 
2.06 
1.58 
0.54 
0.19 
0.03 
0.01 
165.38 
127.97 
94.22 
80.86 
73.22 
57.49 
20.25 
7.32 
1.28 
0.30 
0.33 
0.23 
0.15 
0.11 
0.09 
0.06 
0.02 
0.01 
0.00 
0.00 
32.82 
22.54 
14.75 
11.25 
9.07 
6.34 
1.99 
0.64 
0.10 
0.02 
SUM 78.10 18.75 628.28 1.00 100.00 
Table-3.12. Fertility table of P. xylostella on radish (2004). 
Pivotal 
age 
(Days) 
X 
Age specific Fecundity 
female 
surviorship 
Ix 
0.00-32.5 1 m m a t 
32.5-33.5 P r e o v i 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
SUM 
0.09 
0.09 
0.09 
0.09 
0.06 
0.05 
mx 
u r e S t a 
p o s i t i 
11.25 
9.38 
7.50 
6.75 
4.75 
2.15 
41.78 
Ix.ntx 
g e 
0 n P e r 
1.01 
0.84 
0.68 
0.61 
0.29 
0.11 
3.53 
Ixtnx.x 
i 0 d 
33.92 
29.11 
23.96 
22.17 
10.69 
4.14 
123.99 
Value of 
-rx J 
Where r „ = 
0.036 
0.304 
0.244 
0.188 
0.163 
0.074 
0.027 
1.000 
% Constitution 
of each group 
towards 'r ' 
30.35 
24.40 
18.83 
16.35 
7.40 
2.69 
100.000 
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Table-3.13. Fertility table off. xylostella on cauliflower (2005). 
Pivotal Age specific 
age 
(Days) : 
X 
0.00-26.5 
26.5-27.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
SUM 
female 
surviorship 
Ix 
I m m a 
P r e 0 V 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.41 
0.26 
0.14 
Fecundity 
mx 
t u r e S t a 
i p 0 s i t i 
31.59 
24.80 
14.60 
12.75 
9.45 
7.95 
6.75 
4.50 
4.50 
120.63 
Ix.mx 
g e 
0 n P e r 
15.80 
12.40 
7.30 
6.38 
4.73 
3.98 
1.11 
1.17 
0.63 
55.43 
Ixmx.x 
i o d 
434.363 
353.329 
215.276 
194.438 
148.838 
129.188 
92.711 
40.365 
22.365 
1630.871 
Value of 
-rx J 
Where r „ = 
0.1245 
0.367 
0.251 
0.129 
0.098 
0.064 
0.047 
0.028 
0.010 
0.005 
1.000 
% Constitution 
of each group 
towards ' r ' 
36.73 
25.14 
12.91 
9.83 
6.36 
4.66 
2.83 
1.04 
0.49 
100.00 
Table-3.14. Fertility table oiP. xylostella on cabbage (2005). 
Pivotal 
age 
(Days) 
X 
0.00-26.5 
26.5-27.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
Age specific 
female 
surviorship 
Ix 
I m m a t 
P r e o V i 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.18 
34.5-35.5 NER 
SUM 
Fecundity 
mx 
u r e S t a 
p 0 s i t i 
29.30 
21.75 
18.75 
10.85 
7.88 
4.80 
3.30 
1.50 
98.12 
Ix.mx 
g e 
0 n P e r 
8.50 
6.31 
5.44 
3.15 
2.28 
1.39 
0.96 
0.27 
28.29 
Ixmx.x 
I 0 d 
233.628 
179.764 
160.406 
95.924 
71.938 
45.240 
32.060 
9.315 
828.274 
Value of 
e .I^.m^ 
Where r „ = 
0.1087 
0.362 
0.239 
0.184 
0.095 
0.061 
0.033 
0.020 
0.005 
1.000 
% Constitution 
of each group 
towards ' r ' 
36.161 
23.936 
18.397 
9.487 
6.142 
3.338 
2.046 
0.515 
100.000 
NER=No eggs recorded 
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TabIe-3.15. Fertility table of P. xy/o5te//a on broccoli (2005). 
Pivotal 
age 
(Days) 
X 
0.00 - ; 
30,5 - ; 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
SUM 
A ge specific Fecundity 
female 
surviorship 
30.5 
31.5 
Ix 
I m m a t 
P r e 0 V i 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.16 
0.1 
0.05 
0.03 
mx 
u r e S t i 
p o s i t ; 
21.00 
15.75 
11.25 
9.38 
8.25 
36.00 
3.38 
3.00 
3.00 
2.25 
113.25 
Ix.mx 
\ g e 
i o n P e r 
5.250 
3.938 
2.813 
2.344 
2.063 
9.000 
0.540 
0.300 
0.15 
0.0675 
26.46 
Ixmx.x 
i 0 d 
165.38 
127.97 
94.22 
80.86 
73.22 
328.50 
20.25 
11.55 
5.93 
2.73 
910.60 
Value of 
Where r „ = 
0.0717 
0.241 
0.164 
0.106 
0.080 
0.064 
0.253 
0.014 
0.007 
0.003 
0.068 
1.000 
% Constitution 
of each group 
towards ' r ' 
16.39 
10.62 
8.02 
6.40 
25.33 
1.38 
0.69 
0.31 
6.75 
100.00 
Table-3.16. Fertility table of P. xylostella on radish (2005). 
Pivotal 
age 
(Days) 
X 
0.00-32.5 
32.5-33.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
SUM 
Age specific Fecundity 
female 
surviorship 
Ix 
I m m a t 
P r e 0 v i 
0.07 
0.07 
0.07 
0.07 
0.07 
0.05 
0.05 
mx 
u r e S t a 
p 0 s i t i 
15.75 
12.75 
11.75 
8,75 
7.00 
4.00 
2.25 
62.25 
Ix.mx 
g e 
0 n P e r 
1.103 
0.893 
0.823 
0.613 
0.490 
0.200 
0.113 
4.233 
Ixmx.x 
• i 0 d 
36.934 
30.791 
29.199 
22.356 
18.375 
7.700 
4.444 
149.799 
Value of 
-rx r 
Where r „ = 
0.0398 
0.281 
0.218 
0.193 
0.138 
0.106 
0.042 
0.022 
1.000 
% Constitution 
of each group 
towards ' r ' 
28.086 
21.827 
19.311 
13.805 
10.602 
4.154 
2.243 
100.000 
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Table-3.19. Fecundity of P. xylostella on Brassica hosts. 
121 
Host Plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
LSD 0.05 
F 
df 
R' 
200^ 
EggiSE 
190.02±2.11d 
164.86±2.07c 
156.20±1.45b 
83.56±1.89a 
1.09 
154.13 
6,11 
0.858 
% Hatching 
94.00 
91.00 
89.00 
86.00 
2005 
EggiSE 
241.26±3.86c 
196.24±3.81b 
226.5±11.28d 
124.50±2.33a 
13.98 
6.25 
6,11 
0.154 
% Hatching 
95.00 
91.00 
86.00 
84.00 
Values not followed by same letter are significantly different (P= 0.05) by DMRT 
SE=Standard error 
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Table -3.22. Development/day of P. xylostella on Brassica hosts (2004). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
0.215 
0.211 
0.190 
0.181 
I instar 
0.190 
0.187 
0.174 
0.172 
II instar 
0.267 
0.233 
0.220 
0.211 
III instar 
0.260 
0.253 
0.225 
0.222 
IV instar 
0.247 
0.241 
0.222 
0.222 
Pre-pupa 
1.000 
1.000 
1.000 
1.000 
Pupa 
0.204 
0.222 
0.182 
0.220 
Adult 
0.080 
0.080 
0.093 
0.133 
Table-3.23. Estimates of development/day of P. xylostellahy linear regression curve (2004). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
0.253 
0.239 
0.218 
0.201 
I instar 
0.269 
0.257 
0.238 
0.228 
II instar 
0.285 
0.276 
0.258 
0.255 
III instar 
0.300 
0.294 
0.278 
0.282 
IV instar 
0.316 
0.313 
0.298 
0.309 
Pre-pupa 
0.331 
0.331 
0.319 
0.336 
Pupa 
0.347 
0.350 
0.339 
0.363 
Adult 
0.363 
0.368 
0.359 
0.390 
Table -3.24. Development/day off. xylostella on Brassica hosts (2005). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
0.263 
0.282 
0.241 
0.235 
I instar 
0.286 
0.267 
0.225 
0.211 
II instar 
0.267 
0.256 
0.222 
0.22 
III instar 
0.244 
0.253 
0.222 
0.222 
IV instar 
0.267 
0.247 
0.211 
0.198 
Pre-pupa 
1.000 
1.000 
1.000 
1.000 
Pupa 
0.235 
0.241 
0.208 
0.206 
Aduh 
0.087 
0.095 
0.105 
0.118 
Table-3.25. Estimates of development/day oiP. xylostellahy linear regression curve (2005). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
0.300 
0.297 
0.251 
0.240 
I instar 
0.309 
0.307 
0.266 
0.257 
II instar 
0.318 
0.316 
0.281 
0.275 
III instar 
0.327 
0.325 
0.297 
0.293 
IV instar 
0.336 
0.335 
0.312 
0.310 
Pre-pupa 
0.344 
0.344 
0.327 
0.328 
Pupa 
0.353 
0.354 
0.343 
0.345 
Adult 
0.362 
0.363 
0.358 
0.363 
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Table-3.26. Estimates of linear regression equation (2004). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
a 
0.230 
0.220 
0.203 
0.173 
b 
0.015 
0.018 
0.020 
0.027 
df 
6,8 
6,8 
6,8 
6,8 
R' 
0.017 
0.024 
0.029 
0.053 
RSS 
0.562 
0.561 
0.575 
0.544 
k 
66.667 
55.556 
50.000 
37.037 
Table-3.27. Estimates of linear regression eqution (2005). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
a 
0.291 
0.287 
0.235 
0.222 
b 
0.008 
0.009 
0.015 
0.017 
df 
6,8 
6,8 
6,8 
6,8 
R' 
0.006 
0.006 
0.017 
0.022 
RSS 
0.535 
0.533 
0.556 
0.554 
k 
125.000 
111.111 
66.667 
• 58.824 
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Table-3.28. Degree days (Arnold method) for development of P. xylostella (2004). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
78.12 
79.80 
88.20 
92.74 
I instar 
80.33 
81.86 
87.98 
88.74 
II instar 
58.50 
67.08 
70.98 
74.10 
III instar 
60.45 
62.02 
69.87 
70.65 
IV instar 
58.12 
59.55 
64.58 
64.58 
Pre-pupa 
14.20 
14.20 
14.20 
14.20 
Pupa 
68.85 
63.23 
77.28 
63.93 
Immature stage 
(egg to pupa) 
418.55 
427.73 
473.07 
468.93 
Table-3.29. Degree days (Arnold method) for development of F. xylostella (2005). 
Host plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
58.10 
54.28 
63.45 
64.98 
linstar 
45.71 
48.98 
57.99 
62.04 
II instar 
49.91 
51.91 
59.9 
60.56 
III instar 
62.12 
59.84 
68.18 
68.18 
IV instar 
51.98 
56.13 
65.84 
69.99 
Pre-pupa 
12.35 
12.35 
12.35 
12.35 
Pupa 
50.96 
49.76 
57.55 
58.15 
Immature stage 
(egg to pupa) 
331.13 
333.25 
385.26 
396.25 
Base temperature (r„,„ )= 6.05°C 
Table-3.30. Degree days (Averaging method) for development of P. xylostella (2004). 
Host Plant 
Cauliflower 
Cabbage 
Broccoli 
Radish 
Egg 
83.98 
83.98 
83.98 
99.23 
I instar 
76.81 
76.81 
74.93 
89.94 
n instar 
62.3 
77.35 
77.35 
78.28 
in instar 
59.19 
58.39 
58.39 
57.04 
IV instar 
71.6 
70.63 
71.6 
70.53 
Pre-pupa 
14.45 
14.45 
14.45 
13.95 
Pupa 
70.18 
68.08 
83.13 
66.08 
Immature stage 
(egg to pupa) 
438.51 
449.69 
463.83 
475.05 
Table-3.31. Degree days (Averaging method) for development of P. xylostella (2005). 
Host Plant Egg 
Cauliflower 61.90 
Cabbage 61.90 
Broccoli 75.55 
Radish 61.90 
I instar II instar III instar IV instar Pre-pupa Pupa Immature stage 
(egg to pupa) 
53.00 52.50 
53.00 12.95 
64.35 67.45 
51.10 53.00 
75.15 
58.10 
63.00 
77.65 
60.60 
77.35 
51.80 
51.80 
12.35 
12.35 
12.15 
12.55 
59.85 
46.60 
60.65 
59.35 
375.35 
322.25 
394.95 
367.35 
Base temperature (r„,„)=6.05°C 
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4. Studies on the effect of mustard varieties on life table and development 
ofi*. xylostella. 
A. Effect of mustard varieties on the life table of JP. xylostella: 
a. Stage specific life table (Table-4.1 to 4.10): 
Apparent mortality of egg was recorded highest (16.00 percent) on B. 
campestris var. BSH-1 in cropping season of 2004-05 and smallest (5 percent) 
on cauliflower in 2005-06. Apparent mortality of immature stages was found to 
be more on Indian mustard during both cropping years in comparison to that of 
other varieties. While larval survival on Indian mustard was 37 and 35 percent 
in 2004-05 and 2005-06, respectively. Adult emergence was also less (23 and 
19 percent) when the larvae fed on Indian mustard in both consecutive 
cropping seasons in comparison to other host plants and when the larvae fed on 
cauliflower showed highest number of adult emergence. Pupal mortality was 
28.57 and 20.00 percent in 2004-05 and 2005-06, respectively larvae fed on B. 
campestris var. BSH-1. Only 12.70 and 12.30 percent pupal mortality occurred 
on cauliflower in 2004-05 and 2005-06, respectively. 
Survival fraction (Sx): 
The survival fraction {Sx) of P. xylostella may be differed on mustard 
varieties. In egg stage, the survival fraction was i.e. 0.910, 0.880, 0.860, 0.850, 
0.840 and 0.90, 0.89, 0.88, 0.87 and 0.86 on cauliflower, B. napus var. Neelam 
(gobhi sarson), B. campestris var. Pusa Kalyani (yellow sarson), B. juncea var. 
Pusa Bold (Indian mustard) and B. campestris var. BSH-1 (Brown sarson) in 
year 2004-05 and 2005-06, respectively. Sx was maximum on cauliflower in 
both cropping seasons in comparison to that of mustard varieties. 
Mortality Survival Ratio {MSR): 
Mortality survival ratio differs in immature stages in both cropping 
seasons. Mortality survival ratio of egg is minimum (0.099) on cauliflower and 
maximum i.e. 0.190 and 0.163 on B. campestris var. BSH-1 in 2004-05 and 
2005-06, respectively. At pre-pupal stage, it was highest (0.429) on B. 
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campestris var. BSH-1 and lowest on cauliflower in both cropping seasons. At 
pupal stage mortality survival ratio was lowest on cauliflower and highest on B. 
campestris var. Pusa Kalyani in 2004-05 but minimum on Indian mustard in 
2005-06. 
Indispensable Mortality (/A/): 
Mustard varieties were found to be responsible for causing indispensable 
mortality of P. xylostella. The maximum indispensible mortality was on B. 
campestris var. BSH-1 and minimum on cauliflower in 2004-05 and similar 
result also recorded in next cropping season. The highest indispensable 
mortality was recorded in pupal stage in comparison to egg and larval stages of 
P. xylostella on cauliflower and mustard varieties in both cropping seasons of 
2004-05 and 2005-06. 
K-Value: 
Maximum K-value i.e. 0.638 was recorded on Indian mustard and lowest 
i.e. 0.260 on cauliflower in 2004-05 and similar observation was also found in 
second cropping season of 2005-06. At egg stage, K-value was maximum i.e. 
0.071 on B. campestris var. BSH-I and minimum i.e. 0.041 on cauliflower in 
2004-05 and similar result was also in 2005-06. The highest K-value was found 
on egg stage and lowest on pupal stage in different hosts in both cropping 
years. 
b. Fecundity and life table indices: 
Female survivorship of P. xylostella decreases with advancement of age 
and maximum occurred on cauliflower (control) and minimum on B. juncea 
and B. campestris var. BSH-1 in both cropping seasons. Pre-oviposition period 
is 1-day on cauliflower but delayed to 4-days when larvae fed on B. campestris 
var. Pusa Kalyani. Oviposition period varies among the host plants tested as 
well as in different cropping years (Table-4.11 to 4.20). Females obtained from 
the larvae fed on cauliflower continue to lay eggs for 10 and 11 days in 2004-
05 and 2005-06, respectively but 6 days on B. campestris var. BSH-1, while 6 
and 7 days on Indian mustard in 2004-05 and 2005-06, respectively. Fecundity 
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of female of P. xylostella decreases with advancing age and peak egg 
production was found on the beginning of pivotal age and then decreases with 
age and a variable post oviposition period was also observed on mustard 
varieties whereas 3 days were recorded in both cropping years on cauliflower. 
Mustard varieties significantly (P<0.05) affected the fecundity of P. xylostella. 
Maximum number of eggs was laid by P. xylostella on cauliflower and 
minimum on B. campestris BSH-1 in both cropping years of 2004-05 and 
2005-06 (Table-4.23). 
The result (Table-4.21 and 4.22) showed that life table parameters are 
significantly (/'<0.05) varied in one cropping season to another. Potential 
fecundity (Pj) of P. xylostella obtained from the larva fed on cauliflower was 
highest i.e. 120.10 and 116.90 in both cropping seasons of 2004-05 and 2005-
06, respectively and smallest on B. campestris var. BSH-1 in both years. 64.20 
and 68.50 eggs /female was obtained when larva fed on B. juncea in both 
cropping seasons, respectively. Net reproductive rate {RQ) was found to be 
smallest i.e. 8.36 and 10.36 females/female on B. campestris var. BSH-1 in 
both cropping years, respectively and 11.71 and 12.99 females/female was on 
Indian mustard in both years respectively and RQ was greatest when larva fed 
on cauliflower in both years. Fractional difference was calculated between 
instantaneous rate of increase and intrinsic rate of increase of P. xylostella on 
mustard varieties in both consecutive years. P. xylostella adult obtained from 
the larva fed on cauliflower showed greatest r^ (0.1188 and 0.1215 
females/female/day) in both cropping seasons. Whereas in B. napus, r^ was 
0.0988 and 0.0969 females/female/day in both cropping seasons, respectively 
while, minimum (0.0537 and 0.0589 females/female/day) was on B. campestris 
var. BSH-1. Intrinsic rate of increase was also tested by pseudo-jackknife test 
and result is given in the table that showed a significant difference in value of 
r„ on cauliflower in comparison to jackknife tested value in both years, 
respectively while, rest of host plants showed insignificant difference in tests 
during both experimental years. Finite rate of increase of cauliflower is 
significantly differed in comparison to other host plants. P. xylostella obtained 
from larva fed on B. campestris var. BSH-1 showed smallest (1.06 and 1.06 
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females/female/day) finite rate of increase in comparison to 1.13 
females/female/day on cauliflower followed by 1.10 females/female/day on B. 
napus in both cropping seasons of 2004-05 and 2005-06. Mean length of 
generation {T^) was found shortest i.e. 30.58 and 30.84 days on cauliflower 
during both years, respectively. While, Tc was delayed to 39.76 and 39.80 days 
on Indian mustard in 2004-05 and 2005-06, respectively. Tc on cauliflower is 
significantly different to other host plants tested in both years. Tc is not 
significantly different on B. napus and B. campestris var. Pusa Kalyani, as well 
as on Indian mustard and B. campestris var. BSH-1 during 2004-05. A 
significant (P<0.05) difference was found in Tc on B. campestris var. Pusa 
Kalyani in both years and B. napus yielded a similar mean length of generation 
during both cropping seasons. Fractional difference was obtained in corrected 
generation time (T) and mean length of generation {T^ on mustard host plants. 
Corrected generation time on cauliflower is differed in comparison to other 
host plants tested. P. xylostella be able to complete a generation in 39.75 days 
on Indian mustard during both years in comparison to 30.36 and 29.24 on 
cauliflower during 2004-05 and 2005-06, respectively. Doubling time (DT) is 
signiflcantly (P<0.05) differed on different host plants. P. xylostella obtained 
from larva fed on cauliflower will become double in 5.83 and 5.70 days on in 
2004-05 and 2005-06, respectively while, P. xylostella fed on B. campestris 
var. BSH-1 will take 12.91 and 11.77 days to become double and 11.20 and 
10.75 days on Indian mustard during both years, respectively. Multiplication 
rate of P. xylostella fed on cauliflower is significantly faster than other host 
plants. However, 6.79xl0'^ and 1.82xl0'^ individuals were produced on 
cauliflower during both seasons, respectively. 
In the present study, mx was found to be highest on cauliflower (control) 
and the lowest on B. campestris var. BSH-1 in both cropping seasons, m^ was 
88.45 and 90.45 when larvae raised on B. napus var. Neelam and 64.20 and 
68.50 on B.juncea var. Pusa Bold in both cropping seasons, respectively. Syed 
and Abro (2003) reported that fecundity of P. xylostella was 118.7 and 82.00 
on B. campestris and B. napus, respectively. 
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Life indices of P. xylostella were significantly (/'<0.05) differed on 
mustard varieties. Highest Ro occurred on cauliflower followed by B. napus 
var. Neelam and the smallest (8.36 females/female) on B. campestris var. BSH-
1. Syed and Abro (2003) obtained a similar RQ on B. napus but higher (31.79 
females/female) on B. campestris as compared to present study. Intrinsic rate of 
increase varies substantially in two cropping seasons, r^ was 0.0992 and 
0.0537 females/female/day on B. napus var. Neelam and B. campestris var. 
BSH-1, respectively. While, higher r„ was reported by Syed and Abro (2003) 
on these two mustard varieties. Mean generation time is substantially differed 
in two cropping seasons and Tc on cauliflower is significantly differed in 
comparison to mustard varieties. P. xylostella required 39.65 and 39.76 days to 
complete a generation on B. campestris var. BSH-1 and B. juncea var. Pusa 
Bold, respectively, while 33.36 days on B. napus var. Neelam. Syed and Abro 
(2003) reported that 20.54 and 21.69 days required by P. xylostella to complete 
a generation on B. napus and B. campestris, respectively. 
B. Effect of mustard varieties on development of P. xylostella: 
Development of P. xylostella is significantly (/'<0.05) varied when the 
larvae fed on mustard hosts and also differed in two consecutive cropping 
seasons of 2004-05 and 2005-06 (Table-4.24 and 4.25). Development of egg of 
P. xylostella on cauliflower is significantly (P<0.05) differed to that of Indian 
mustard and B. campestris var. BSH-1 during both cropping seasons. Egg 
development was completed in 5.20 and 5.10 days on B. campestris var. BSH-1 
during 2004-05 and 2005-06, respectively, while 5.10 and 2.90 days on Indian 
mustard. I instar remains in mine for 4.90 and 5.00 days on B. campestris var. 
BSH-1 and passed significantly longer time than that on cauliflower (control) 
during both cropping seasons, respectively. I instar completed the development 
in 4.80 and 4.70 days on Indian mustard while shorter time was observed on B. 
napus and B. campestris var. Pusa Kalyani. The development of II instar on 
cauliflower, B. napus and B. campestris var. Pusa Kalyani are not significantly 
differed with each other in the cropping season of 2004-05 and significantly 
prolonged on Indian mustard and B. campestris var. BSH-1. While during 
cropping season of 2005-06, development of II instar fed on cauliflower is 
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significantly differed to that of other mustard hosts. Like-wise III and IV instar 
development significantly/non significantly varies among the mustard hosts. 
Pupal development when the larva fed on cauliflower is significantly varied in 
comparison to mustard hosts as well as in both cropping seasons. Minimum 
developmental period was observed on cauliflower and maximum on B. 
campestris var. BSH-1 in both cropping seasons of 2004-05 and 2005-06, 
respectively. Total developmental period of immature stage (egg to emergence 
of adult) is considerably (P<0.05) varied during both years of 2004-05 and 
2005-06. Shortest developmental period was on cauliflower and prolonged 
(38.10 and 38.90 days) on B. campestris var. BSH-1 in both cropping seasons, 
respectively. Cauliflower is followed by B. napus where 28.10 and 29.54 days 
was taken to complete the development during 2004-05 and 2005-06, 
respectively and 36.20 and 36.40 days on Indian mustard on both cropping 
seasons, respectively. Adults of P. xylostella live longer on cauliflower in 
comparison to mustard varieties during both years of study while, shortest (7 
and 7.20 days) occurred on B. campestris var. BSH-1. R^  was found to be in a 
range of 0.82 to 0.99 at different stages of P. xylostella on both cropping 
seasons. Correlation was significantly/non-significantly favourable/un-
favourable for development of P. xylostella in both years of study on mustard 
varieties. 
In the present study, development of in immature stages is 
significantly fast i.e. 25.90 and 26.70 days on cauliflower in both cropping 
seasons of 2004-05 and 2005-06, respectively, while prolonged to 36.20 and 
38.10 days on Indian mustard and B. campestris var. BSH-1, respectively. 
Female development was fastest on B. juncea, whereas male larval 
development faster on B. napus var. Liberty (Sarfaraz et al., 2007). 
Ramegowada et al. (2006) reported that development of mature stage of P. 
xylostella was completed in 34.13 days. It was concluded by Van Lantern and 
Noldus (1990) that shortest development time and greater total oviposition 
(fecundity) on the host reflected suitability of the host plant. 
Development per day on mustard varieties for two cropping seasons was 
obtained (Table-4.26 and 4.27) and estimated by linear regression (Table-4.28 
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and 4.29). The result (TabIe-4.30 and 4.31) showed that thermal constant varies 
in mustard varieties and in both years of study. Pupal development of P. 
xylostella required more degree days than that of individual stages of larva 
(Table-4.32 and 4.33). Degree day requirement for development P. xylostella 
varies in different years as showed in present studies. Minimum i.e. 258.99 and 
174.60 degree days required when larva fed on cauliflower and maximum i.e. 
252.73 and 258.23 degree days on B. campestris var. BSH-1 during both 
cropping seasons of 2004-05 and 2005-06, respectively. Degree day 
requirement was also calculated by averaging method (Table-4.34 and 4.35) 
that values are similar or dissimilar to that of Arnold method and also showed 
variation in two cropping seasons of 2004-05 and 2005-06. 
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Table-4.11. Fertility table of/", xylostella on B. napus var. Neelam (2004-05). 
Pivotal 
age 
(Day) 
X 
0.50-28.5 I 
28.5-31.5 P 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
Age specific 
female 
survivorship 
Ix 
m ra a t u r 
r e 0 V i p 
0.31 
0.33 
0.31 
0.29 
0.29 
0.27 
0.26 
0.23 
38.5-42.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
22.60 
19.80 
15.50 
11.80 
10.20 
6.80 
1.50 
0.25 
88.45 
Ix.mx 
n P e r 
7.01 
6.53 
4.81 
3.42 
2,96 
1.84 
0.39 
0.06 
27.01 
Ixmx.x 
i 0 d 
220.69 
212.36 
160.97 
118,06 
105.01 
67.01 
14.63 
2.21 
900.93 
Value of 
-rmx J 
Where r ,„ = 
0.0992 
0.308 
0.260 
0.173 
0,112 
0.087 
0.049 
0.009 
0.001 
1.000 
% Constitution 
of each group 
towards 'r' 
30.81 
26.02 
17.33 
11.18 
8.75 
4.92 
0.95 
0.13 
100.00 
Table-4.12. Fertility table of P. xylostella on B. campestris var. Pusa Kalyani (2004-05). 
Pivotal 
age 
(Day) 
X 
0.50-29.5 I 
29.5-33.5 P 
33.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
Age specific 
female 
survivorship 
Ix 
m m a t u r 
r e 0 v i p 
0.27 
0.25 
0.21 
0.19 
0.16 
0.13 
0.11 
37.5-42.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
19.80 
17.50 
15.60 
10.30 
7,30 
3,60 
1,25 
75,35 
Ix.mx 
n P e r 
5,35 
4,38 
3,28 
1,96 
1.17 
0.47 
0,14 
16,73 
Ix/nx.x 
i 0 d 
179,09 
142,19 
109,75 
67,52 
41,46 
17,08 
5,16 
562,24 
Value of 
-rmx t 
Where 7-„ = 
0.0839 
0,321 
0,286 
0,197 
0,108 
0,059 
0,022 
0,006 
1,000 
% Constitution 
of each group 
towards 'r' 
32,15 
28.61 
19,70 
10,82 
5,94 
2,19 
0,59 
100,00 
NER=No eggs recorded 
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Table-4.13. Fertility table of P. xylostella on B. campestris var. BSH-1 (2004-05). 
Pivotal Age specific 
age female 
(Day) survivorship 
X 
0.50-35.5 I m 
35.5-38.5 P r 
38.5 
39.5 
40,5 
41.5 
42.5 
43.5 
3.5-45.5 NER 
SUM 
Ix 
ma t u r 
e 0 V i p 
0.19 
0.17 
0.14 
0.11 
0.09 
0.07 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
16.90 
14.50 
10.20 
7.90 
3.70 
0.80 
54.00 
Ix.mx 
n P e r 
3.21 
2.47 
1.43 
0.87 
0.33 
0.06 
8.36 
Ixmx.x 
1 0 d 
123.62 
97.37 
57.83 
36.06 
14.15 
2.44 
331.48 
Value of 
-rmx J 
Where r „ = 
0.0537 
0.406 
0.296 
0.162 
0.094 
0.034 
0.005 
1.000 
% Constitution 
of each group 
towards 'r' 
40.62 
29.55 
16.23 
9.36 
3.40 
0.54 
100.00 
Table-4.14. Fertility table of P. xylostella on B.juncea var. Pusa Bold (2004-05). 
Pivotal 
age 
(Day) 
X 
0.50-35.5 I 
35.5-38.5 P 
38.5 
39.5 
40.5 
41.5 
42.5 
43.5 
SUM 
Age specific 
female 
survivorship 
be 
m ma t u r 
r e 0 V i p 
0.22 
0.19 
0.17 
0.15 
0.13 
0.09 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
19.80 
16.50 
11.80 
8.30 
6.60 
1.20 
64.20 
Ix.mx 
n P e r 
4.36 
3.14 
2.01 
1.25 
0.86 
0.11 
11.71 
Ixmx.x 
i 0 d 
167.71 
123.83 
81.24 
51.67 
36.47 
4.70 
465.61 
Value of 
•rmx J 
Where r „ = 
0.0619 
0.401 
0.271 
0.163 
0.095 
0.062 
0.007 
1.000 
% Constitution 
of each group 
towards 'r' 
40.12 
27.14 
16.32 
9.52 
6.17 
0.73 
100.00 
NER=No eggs recorded 
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Table-4.15. Fertility table of P. xylostella on cauliflower (2004-05). 
Pivotal 
age 
(Day) 
X 
0,50-26.5 I 
27.5-28.5 P 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
Age specific 
female 
survivorship 
Ix 
m ma t u r 
r e 0 V i p 
0,34 
0.33 
0.31 
0.29 
0.29 
0.27 
0.26 
0.23 
0,21 
0,17 
37.5-40.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
29,90 
22,80 
19,90 
16,50 
11,80 
7,60 
5.50 
3.00 
2.10 
1.00 
120.10 
Ix.mx 
n P e r 
10.17 
7.52 
6.17 
4.79 
3.42 
2.05 
1.43 
0.69 
0.44 
0.17 
36.85 
Ixmx.x 
i 0 d 
289,73 
221,96 
188,15 
150.73 
111.22 
68.74 
49.34 
24.50 
16.10 
6.38 
1126.83 
Value of 
-rmx r 
Where r „ = 
0.11881 
0.344 
0.226 
0.165 
0.113 
0.072 
0.038 
0.024 
0.010 
0.006 
0.002 
1.000 
% Constitution 
of each group 
towards 'r' 
34.40 
22.61 
16.46 
11.34 
7.20 
3.83 
2.37 
1.02 
0.58 
0.20 
100.00 
Table-4.16. Fertility table of P. xylostella on B. napus var. Neelam (2005-06). 
Pivotal 
age 
(Day) 
X 
0.50-28.5 I 
28.5-31.5 P 
31.5 
32.5 
33.5 
34.5 
35,5 
36.5 
37,5 
38.5 
39,5 
Age specific 
female 
survivorship 
Ix 
m ma t u r 
r e 0 V i p 
0,32 
0.34 
0.31 
0.29 
0.27 
0.25 
0.23 
0.21 
0,19 
39,5-42,5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
19.60 
15.20 
13.80 
11,50 
10.80 
9.80 
5,20 
2,50 
1,65 
90.05 
Ix.mx 
n P e r 
6.27 
5.17 
4.28 
3.34 
2.92 
2.45 
1.20 
0.53 
0.31 
26.45 
Ixmx.x 
i 0 d 
197.57 
167.96 
143.31 
115.06 
103.52 
89.43 
44.85 
20,21 
12,38 
894.29 
Value of 
-rmx T 
Where r „ = 
0.0974 
0.291 
0.218 
0.164 
0.116 
0.092 
0.070 
0.031 
0.012 
0.007 
1.000 
% Constitution 
of each group 
towards 'r' 
29.14 
21.78 
16.35 
11,57 
9.17 
6.99 
3,10 
1,23 
0.67 
100.00 
NER=No eggs recorded 
Table-4.17. Fertility table of P. xylostella on B. campestris var. Pusa Kalyani (2005-06). 
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Pivotal 
age 
(Day) 
X 
0,50-29.5 I 
29.5-33.5 P 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
Age specific 
female 
survivorship 
Ix 
m ma t u r 
r e 0 V i p 
0.29 
0.27 
0.25 
0.21 
0.19 
0.17 
0.16 
0.14 
40.5-43.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
17.90 
15.70 
12.80 
10.30 
8.80 
5.70 
3.90 
1.10 
76.20 
Ix.mx 
n P e r 
5.19 
4.24 
3,20 
2.16 
1.67 
0.97 
0.62 
0.15 
18.21 
Ixmx.x 
i 0 d 
173.90 
146.25 
113.60 
78.95 
62.70 
37.31 
24.65 
6.24 
643.59 
Value of 
-nnx J 
e I,.m^ 
Where r „ = 
0.0824 
0.328 
0.247 
0.172 
0.107 
0.076 
0,041 
0,024 
0.005 
1.000 
% Constitution 
of each group 
towards 'r' 
32.84 
24.69 
17,17 
10.69 
7.61 
4.06 
2.41 
0.55 
100.00 
Table-4.18. Fertility table of P. xylostella on B. campestris var. BSH-1 (2005-06). 
Pivotal Age specific 
age female 
(Day) survivorship 
x Ix 
0.50-35.51 m ma t u r 
35.5-38,5 P r e 0 V i p 
38,5 0,21 
39,5 0.19 
40.5 0.16 
41,5 0.15 
42.5 0.11 
43.5 0.09 
43.5-46.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
17.80 
15.20 
11.10 
9.50 
4,10 
0,90 
58.60 
Ix.mx 
n P e r 
3,74 
2,89 
1.78 
1.43 
0.45 
0.08 
10.36 
Ixmx.x 
i 0 d 
143.91 
114.08 
71.93 
59.14 
19.17 
3,52 
411.75 
Value of 
-rmx T 
e I,.m^ 
Where r „ = 
0.0589 
0,387 
0,282 
0,164 
0.124 
0.037 
0.006 
1.000 
% Constitution 
of each group 
towards 'r' 
38.73 
28.21 
16.36 
12.38 
3.69 
0.63 
100.00 
NER=No eggs recorded 
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Table-4.19. Fertility table of P. xylostella on B. juncea var. Pusa Bold (2005-06). 
Pivotal 
age 
(Day) 
X 
0.50-35.5 I 
35.5-38.5 P 
38.5 
39.5 
40.5 
41.5 
42.5 
43.5 
44.5 
SUM 
Age specific 
female 
survivorship 
Ix 
m m a t u r 
r e 0 V i p 
0.23 
0.21 
0.19 
0.15 
0.12 
0.09 
0.07 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
20.20 
16.50 
12.60 
9.60 
6.50 
2.20 
0.90 
68.50 
Ix.mx 
n P e r 
4.65 
3.47 
2.39 
1,44 
0.78 
0.20 
0.06 
12.99 
Ixmx.x 
i 0 d 
178.87 
136.87 
96.96 
59.76 
33.15 
8.61 
2.80 
517.02 
Value of 
-rmx J 
Where r „ = 
0.0645 
0.388 
0.271 
0.176 
0.099 
0.050 
0.012 
0.004 
1.000 
% Constitution 
of each group 
towards 'r' 
38.78 
27.12 
17.56 
9.91 
5.03 
1.20 
0.36 
100.00 
Table-4.20. Fertility table of P. xylostella on cauliflower (2005-06). 
Pivotal 
age 
(Day) 
x 
0.50-26.5 I 
27.5-28.5 P 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
Age specific 
female 
survivorship 
Ix 
m ma t u r 
r e 0 V i p 
0.36 
0.34 
0,31 
0.29 
0.27 
0.25 
0.23 
0.21 
0.19 
0.17 
0.15 
38.5-41.5 NER 
SUM 
Fecundity 
mx 
e S t a g e 
0 s i t i 0 
23.20 
21.60 
18.60 
14.40 
11.60 
9.90 
7.80 
4.30 
3.20 
1.30 
1.00 
116.90 
Ix.mx 
n P e r 
8.35 
7.34 
5.77 
4.18 
3.13 
2.48 
1,79 
0,90 
0,61 
0.22 
0.15 
34.92 
Ixmx.x 
i 0 d 
238.03 
216.65 
175.86 
131.54 
101.79 
82.91 
61.89 
32,06 
22,19 
8.29 
5.78 
1076.99 
Value of 
e - " " / „ m , 
Where/•„ = 
0.1215 
0,2619 
0.2039 
0,1418 
0,0910 
0,0604 
0,0423 
0,0271 
0,0121 
0,0072 
0,0023 
0,1500 
1.00 
% Constitution 
of each group 
towards 'r' 
26,1892 
20.3941 
14.1803 
9.0952 
6.0411 
4.2277 
2.7139 
1.2098 
0.7214 
0.2322 
15.0000 
100.00 
NER=No eggs recorded 
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Table-4.23. Fecundity of P. xylostella on mustard varieties. 
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Host plants 
B. napus var. Neelam 
B. campestris var. Pusa Kalyani 
B. campestris var. BSH-1 
B.juncea var. Pusa Bold 
Cauliflower 
LSDP=Q.05 
df 
F 
R' 
2004-05 
EggiSE 
176.90±0.43b 
150.70±0.49c 
108.00±0.20e 
128.40±0.22d 
240.20±0.28a 
0.595 
4,14 
185.45 
0.932 
% Hatching 
88.00 
86.00 
85.00 
85.00 
91.00 
2005-06 
EggiSE 
180.10±0.31b 
152.40±0.29c 
117.20±0.39e 
137.00±0.32d 
233.80±0.25a 
0.665 
4,14 
155.25 
0.339 
% Hatching 
89.00 
88.00 
86.00 
87.00 
90.00 
Values not followed by same letter are significantly different (P=0.05) by DMRT 
SE=Standard error 
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Table-4.26. Development per day of P. xylostella on mustard varieties (2004-05). 
Host Plant 
B. napus var. Neelam 
B. campestris var. Pusa Kalyani 
B. campestris var. BSH-1 
B. juncea var. Pusa Bold 
Cauliflower 
Egg 
0.238 
0.222 
0.192 
0.196 
0.250 
I instar 
0.238 
0.227 
0.204 
0.208 
0.238 
II instar 
0.244 
0.233 
0.192 
0.200 
0.250 
III instar 
0.256 
0.250 
0.233 
0.238 
0.256 
IV instar 
0.256 
0.244 
0.208 
0.222 
0.270 
Pre-pupa 
1.000 
0.833 
0.667 
0.769 
1.000 
Pupa 
0.147 
0.109 
0.082 
0.088 
0.196 
Table-4.27. Development per day of P. xylostella on mustard varieties (2005-06). 
Host Plant 
B. napus var. Neelam 
B. campestris var. Pusa Kalyani 
B. campestris var. BSH-1 
B. Juncea var. Pusa Bold 
Cauliflower 
Egg 
0.244 
0.233 
0.196 
0.204 
0.250 
I instar 
0.227 
0.227 
0.200 
0.213 
0.233 
n instar 
0.233 
0.222 
0.189 
0.196 
0.244 
n i instar 
0.238 
0.233 
0.204 
0.217 
0.244 
IV instar 
0.244 
0.238 
0.213 
0.222 
0.263 
Pre-pupa 
0.833 
0.769 
0.625 
0.667 
1.000 
Pupa 
0.139 
0.106 
0.081 
0.090 
0.185 
Table-4.28. Estimated development per day of P. xylostella on mustard varieties (2004-05). 
Host Plant 
B. napus var. Neelam 
B. campestris var. Pusa Kalyani 
B. campestris var. BSH-1 
B. juncea var. Pusa Bold 
Cauliflower 
Egg 
0.2047 
0.208 
0.1887 
0.1866 
0.2034 
I instar 
0.2498 
0.2395 
0.2104 
0.216 
0.2528 
n instar 
0.2949 
0.271 
0.2322 
0.2453 
0.3022 
III instar 
0.34 
0.3026 
0.254 
0.2746 
0.3516 
rV instar 
0.3851 
0.3341 
0.2758 
0.304 
0.4009 
Pre-pupa 
0.4302 
0.3656 
0.2976 
0.3333 
0.4503 
Pupa 
0.4753 
0.3972 
0.3194 
0.3626 
0.4997 
Table-4.29. Estimated development per day of P. xylostella on mustard varieties (2005-06). 
Host Plant 
B. napus var. Neelam 
B. campestris var. Pusa Kalyani 
B. campestris var. BSH-1 
B. juncea var. Pusa Bold 
Cauliflower 
Egg 
0.211 
0.213 
0.187 
0.195 
0.2OO 
I instar 
0.243 
0.238 
0.206 
0.216 
0.248 
II instar 
0.276 
0.264 
0.225 
0.237 
0.297 
n i instar 
0.308 
0.290 
0.244 
0.259 
0.346 
IV instar 
0.341 
0.316 
0.263 
0.280 
0.394 
Pre-pupa 
0.373 
0.341 
0.282 
0.301 
0.443 
Pupa 
0.406 
0.367 
0.301 
0.322 
0.491 
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Table-4.30. Estimates of linear regression of P. xylostella on mustard varieties (2004-05). 
Host Plants a b R' k RSS 
B.napus var. Neelam 0.1595 0.0451 0.1103 22.17 0.4598 
5. cawpes/TO var. Pusa Kalyani 0.1764 0.0315 0.0813 31.75 0.4147 
B. campestris \ar.BS\{-\ 0.1669 0.0218 0.0626 45.87 0.1992 
B.juncea var. Pusa Bold 0.1573 0.0293 0.0804 34.13 0.2754 
Cauliflower 0.1541 0.0494 0.1382 20.24 0.4256 
Table-4.31. Estimates of linear regression of P. xylostella on mustard varieties (2005-06). 
Host Plants a b R' k RSS 
B.napus var.Neelam 0.1785 0.0324 0.0893 30.86 0.3004 
B.campestris vsi.?\xs&Kdi\ym\ 0.1867 0.0258 0.0661 38.76 0.2626 
B.campestris vzx.BSH-l 0.1683 0.0189 0.0552 52.91 0.1715 
B.juncea var. Pusa Bold 0.1739 0.0211 0.0605 47.39 0.1944 
Cauliflower 0.1513 0.0486 0.1312 20.58 0.4373 
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42.05 
45.98 
51.21 
50.16 
42.05 
42.67 
46.23 
56.11 
53.95 
43.25 
38.90 
39.43 
41.04 
40.08 
38.90 
40.63 
41.87 
47.09 
44.15 
38.55 
9.85 
11.94 
10.50 
9.82 
9.85 
58.58 
74.42 
92.25 
89.27 
43.65 
277.56 
307.06 
352.73 
340,91 
258.99 
Table-4.32. Degree days (by Arnold method) for development of P. xyloslellaon mustard varieties (2004-05). 
Host Plant Egg I instar II instar III instar IV instar Pre-pupa Pupa Iitunature stage 
(egg to pupa) 
B. napus var. Neelam 44.88 
B. campestris var. Pusa Kalyani 47.20 
B. campestris var. BSH-1 54.54 
B.juncea var. Pusa Bold 53.49 
Cauliflower 42.74 
Table-4.33. Degree days (by Arnold method) for development of P. xyloslellaon mustard varieties (2005-06). 
Host Plant Egg I instar II instar III instar IV instar Pre-pupa Pupa Immature stage 
(egg to pupa) 
B. napus var. Neelam 26.60 34.27 30.15 25.94 23.11 7.62 47.67 195.36 
S. caOT/7e5/rw var. Pusa Kalyani 27.90 34.27 30.96 26.70 24.28 8.26 63.29 215.65 
B. campestris war. BSW-X 33.30 38.70 36.09 27.98 29.05 9.16 83.95 258.23 
B.juncea var. Pusa Bold 32.00 36.38 34.73 26.27 27.81 8.59 78.20 243.97 
Cauliflower 25.95 33.49 28.75 25.32 21.42 6.35 33.32 174.60 
TabIe-4.34. Degree days (Averaging method) for development of P. xylostella on mustard varieties (2004-05). 
Host Plant Egg I instar II instar III instar IV instar Pre-pupa Pupa Immature stage 
(egg to pupa) 
B. napus var. Neelam 42.74 
B. campestris var. Pusa Kalyani 52.44 
B. campestris var. BSH-1 52.44 
B.juncea var. Pusa Bold 52.44 
Cauliflower 42.74 
Table-4.35. Degree days (Averaging method) for development of P. xylostella on mustard varieties (2005-06). 
Host Plant Egg I instar II instar III instar IV instar Pre-pupa Pupa Immature stage 
(egg to pupa) 
B. napus var. Neelam 25 95 31,15 28.05 24.70 22.55 6.35 46.35 185.10 
S. ca/npe^/w var. Pusa Kalyani 25,95 31,15 34,40 31,05 28,90 6,35 60.60 218,40 
B. campestris var. BSU-\ 32,65 38.70 34.05 28.55 30.90 11.45 81.90 258.20 
B.juncea var. Pusa Bold 32.65 38.70 34.05 28.55 30.90 11.45 77.50 253.80 
Cauliflower 25.95 31.15 28.05 24.70 22.55 6.35 30.85 169.60 
Base temperature {T„,„ )= 6.05°C 
40.05 
52.25 
52.25 
52.25 
40.05 
43.25 
43,00 
53.95 
53,95 
43,25 
39.90 
39.43 
38.18 
38.18 
39,90 
41,68 
40,85 
49,05 
49,05 
41,68 
9,85 
9,95 
14,00 
7,55 
9,85 
60,30 
82,75 
91,85 
79,85 
51.35 
277.77 
320,67 
351,72 
333,27 
268,82 
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5. Studies on the effect of intercropping on the infestation of P. xylostella 
on cauliflower crop.-
Intercrops have significantly (/'<0.05) affected the infestation of P. 
xylostella on cauliflower and also found variation in two cropping seasons of 
2004 and 2005 as well as spacing of cauliflower (Table-5.9). 15:1 ratio of 
intercrop is significantly/non significantly less effective than 15:2 ratio and in 
the same manner 25:1 ratio of intercrop is less effective than 25:2. 55x35 cm 
spacing of cauliflower holds more population of P. xylostella than that of 
60x45 cm. Population of P. xylostella on cauliflower intercropped with 
different plants was substantially higher in 2005 as compared to 2004. Spacing 
of 60x45 cm with 15:1 ratio of cauliflower and intercrops showed that larvae 
and pupae/plant was recorded highest on cauliflower intercropped with radish 
and lowest on tomato followed by marigold and the similar result was also 
found in 15:2 ratio that maximum larvae and pupae/plant was recorded on 
radish and minimum on tomato followed by cumin in 2004 (Table-5.1 to 5.4). 
The larvae and pupae/plant was maximum on cauliflower intercropped with 
radish and minimum on tomato intercrop in 2005 (Table-5.5 to 5.8). In a 
control treatment where only cauliflower is grown, larvae and pupae/plant was 
found to be increasing from 10 to 60 DAP (days after plantation) and 10 to 70 
DAP in 2004 and 2005, respectively and a significantly higher DBM 
population was obtained on cauliflower (only) than cauliflower intercropped 
micro plots. Cauliflower intercropped with tomato at a ratio of 15:2 was found 
to be more effective than 15:1 as well as other treatments. It was followed by 
cumin, garlic, coriander, fennel and marigold. Peak population of P. xylostella 
was monitored at 60 DAP on cauliflower (sole crop) and then declines 
gradually in different ratios of line and spacing during 2004. 
It was also found that there was an increase in the density of P. 
xylostella on cauliflower with spacing of 55x35 cm as compared 60x45 cm in 
both cropping seasons. Ratio of 15:2 is considerably more effective than the 
ratio of 15:1, 25:1 and 25:2. Population of P. xylostella increases from 10 to 70 
DAP then decreases up to harvesting of crop in both years. Peak population of 
P. xylostella was observed at 70 DAP on cauliflower in 2005. Tomato was 
more effective as an intercrop than other plants tested. Although, garlic, cumin, 
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coriander and fennel were found to be more effective intercrops than that of 
lucerne, marigold, radish and carrot. 25:2 ratio (cauliflower: intercrop) is 
superior for reduction of larvae and pupae/plant in comparison to 25:1 in both 
cropping seasons of 2004 and 2005. 
Garlic, cumin, fennel and coriander intercrops are not significantly 
differed but equally effective in reducing the infestation of P. xylostella in 
relation to 15:1, 15:2, 25:1 and 25:2 and spacing of 60x45 and 55x35 cm in 
both years of study. Effects of radish and carrot intercrops are not significantly 
different and harboured almost equal number of larvae and pupae of P. 
xylostella in various combinations of ratios of lines and spacing in 2004 and 
2005. Lucerne and marigold intercrops are significantly/insignificantly 
different but marigold is more effective than that of lucerne in different ratio of 
cauliflower and intercrops as well as spacing of cauliflower in both cropping 
seasons of 2004 and 2005. 
Parasitization is significantly/non significantly differed between 
different intercropping systems and significantly differed as compared to 
cauliflower only (Table-5.10). The rate of parasitization was more when 
cauliflower spaced 60x45 cm as compared to 55x35 cm and 15:1 ratio 
conceived more parasitoids than 15:2 in both spacing schedules and both 
cropping years, respectively. Similarly 25:1 ratio has attracted more parasitoids 
as compared to 25:2. Although, the rate of parasitization is found to be low on 
cauliflower field (only) that ranged between 8.5 to 10.10 percent. Parasitization 
in cauliflower + tomato is considerably high (20 to 51.65 percent) as compared 
to other cropping system in 2004 and 32.64 to 41.17 percent in 2005. 
However, occurrence of parasites in cauliflower intercropped with garlic, 
cumin, fennel and coriander is significantly higher as compared to radish, 
carrot and lucerne intercropping system but lower than that of tomato. 52.04 
percent of larvae and pupae of P. xylostella were parasitized in fennel cropping 
system, which is the highest rate of parasitization in 15:1 ratio with spacing of 
60x45 cm in 2004 and 32.42 percent in 2005. While, cauliflower + lucerne 
cropping system showed considerably lower number of parasites that attacked 
the larvae and pupae of P. xylostella as compared to marigold. C. plutellae was 
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dominant larval parasitoids during both year of study and O. sokolowskii, pupal 
parasitoid was recorded very few. 
Yield performance and cost benefit ratio of cauliflower and intercrops 
was recorded for two cropping seasons of 2004-05 and 2005-06 (Table-5.11 to 
5.18). Analyzed result showed that yield of cauliflower is significantly differed 
in different intercropping systems and significantly (P<0.05) differed in 
relation to spacing of cauliflower as well as lines of intercrops and in two 
cropping seasons as compared to cauliflower (only). Yield increase was in a 
range of 15-18.55 percent that was obtained on cauliflower + tomato cropping 
system and lowest (4-6 percent) on cauliflower + marigold as compared to 
cauliflower (only). However, percent yield increase was in a range of 12 to 15 
and 10 to 14 percent on cauliflower + cumin and cauliflower + fennel cropping 
system, respectively in both cropping seasons as compared to cauliflower 
alone. Garlic and coriander intercrops were also found to be considerably 
effective in relation to increase of yield of cauliflower. While, 6 to 8.30 percent 
increase of yield was recorded on radish, carrot and lucerne intercrops in both 
years of study. It was found that the spacing of 60x45 cm with a ratio of 15:2 of 
cauliflower + intercrops gave higher yield of sole and intercrops than that ratio 
of 15:1 and also maximum yield was recorded in 25:2 ratio rather than 25:1 in 
both cropping seasons. Cauliflower + tomato cropping system has provided 
greater yield production (263.38 q/ha) in 15:2 ratio than that of 15:1 ratio 
(261.61 q/ha) in 2004 and 251.88 and 251.77 q/ha with a ratio of 15:2 and 15:1, 
respectively during 2005-06. However, the production in cauliflower + tomato 
system was 256.16 and 256.44 q/ha with a ratio of 25:1 and 25:2, respectively 
in 2004-05. While, 256.00 and 256.22 q/ha with 25:1 and 25:2, respectively 
during 2005-06. Yield was minimum on cauliflower + marigold cropping 
system with a ratio of 15:1, 15:2, 25:1 and 25:2 during both seasons of study. 
Lowest yield ranged between 207-224 q/ha that was obtained in monoculture 
cauliflower. Maximum benefit in terms of rupees was recorded on cauliflower 
+ tomato cropping system i.e. Rs. 25785.01 with 60x45 cm spacing and 15:2 
ratio during 2004-05 as compared to other cropping system during 2004-05 and 
2005-06. Cumin and fennel intercrops offered a greater additional return as 
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compared to garlic, coriander, radish, carrot, lucerne and marigold in both 
years of study. 
Weather parameters are correlated positively/negatively 
significant/insignificant in both cropping years (Table-5.19 and 5.20). The 
maximum and minimum temperature is negatively (non significant) correlated 
for 15:1 and 15:2, 25:1 and 25:2 ratio for both spacing (60x45 cm and 55x35 
cm) in the year of 2004-05. The average humidity was also substantially 
affected the population of P. xylostella and there was no rainfall in the 
experimental period 2004-05. In 2005-06 the DBM population is positively 
(non significant) correlated with maximum, minimum temperature and average 
humidity. Whereas, rain fall is significantly (P<0.01) unfavorable for the 
larvae and pupae of P. xylostella. 
Environmental conditions caused a significant/non significant effect on 
the perpetuation of C plutellae during two cropping seasons of 2004-05 and 
2005-06. Maximum temperatiire significantly {P<0.01, P<0.05) enhanced the 
population of Cotesia when cauliflower spaced 55x35 cm as compared to 
60x45 cm in 2004-05 but minimum temperature adversely affected the parasite 
build up on cauliflower spaced 60x55 cm, while minimum temperature has 
significantly increased the rate of parasitization in spacing of 55x35 cm. 
Average humidity caused a substantial increase/decrease in Cotesia population 
during 2004-05. In 2005-06, a substantially favourable effect was calculated on 
maximum temperature and unfavourable by minimum temperature. Average 
humidity and rainfall has favoured /unfavoured the rate of parasitization. 
Intercrops have significantly (/'<0.05) affected the infestation of P. 
xylostella during the two cropping seasons of 2004-05 and 2005-06. Tomato 
intercrop was found to be considerably more effective against P. xylostella than 
that of other intercrops tested, where the yield and net return was significantly 
greater than the cauliflower (only) as well as other intercrops. Since the yield 
increase in cauliflower + tomato intercrop is in a range of 16-18.55 percent, 
which is more as compared to cauliflower (only monoculture) as well as greater 
than other intercrops. Whereas, Jolliffe (1997) reported that average diculture 
yields were 12-13 percent greater than monoculture yield. Observation of 
Brown et al. (1985) showed that cabbage-tomato intercrops produce yields, 
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production costs and net returns comparable to crop either grown alone. Studies 
of Gupta and Thorsteinson (1960) and Tabashnik (1987) revealed that tomato 
contains a volatile compound, rutin that deters oviposition by diamondback 
moth and imported cabbage worm adults because tomato volatiles interfere 
with host finding by the beetles, Phyllotreta cruciferae (Tahvanainen and Root, 
1972). Tomato plants also reduce the number of eggs laid on Brussels sprouts 
by P. xylostella and cabbage whitefly, Aleyrodes brassicae in glasshouse 
(Phillips, 1977). Cabbage grown with tomatoes had fever diamondback moth 
larvae and higher rates of parasitism by C. plutellae (Kurdjumov) than cabbage 
grown in monoculture (Bach and Tabashnik, 1990). It was also found in 
present study that parasitization in cauliflower + tomato cropping system is 
higher that ranged fi-om 20 to 51.65 percent as compared to cauliflower (alone). 
The occurrence of parasites in cauliflower intercropped with garlic, cumin, 
fennel and coriander is also higher than that of radish, carrot, lucerne and 
marigold. While 52.04 percent of larvae and pupae of P. xylostella were 
parasitized in fennel cropping system. Mosiane et al. (2003) reported that C. 
plutellae (Kurdjumov) was the most abundant parasitoid throughout the year 
and accounted for 55 percent of total parasitization. 
Andow (1991) have suggested that herbivore levels were consistently 
lower in polyculture than monoculture for 52 percent of the species considered 
out of 287 herbivorous arthropods. Meena and Lai (2002) found that lucerne 
was most effective intercrop against P. xylostella although, garlic and tomato 
were also effective in reducing the pest abundance. Cabbage intercropped with 
tomato plots had lower number of P. xylostella larvae and pupae and higher 
yield of food quality cabbage heads, as compared to control and tomato caused 
a deleterious effect on pest population (Facknath, 1997, Buranday and Raros, 
1973) and Sivapragasam et al. (1982) stated that tomato intercrop reduced that 
infestation of P. xylostella on cabbage by about 36 percent because tomato 
contains natural inhibiting chemical but there is no significant reduction in 
damage while, Kandoria et al. (1999) found a significant reduction in the 
incidence of P. xylostella when cauliflower intercropped with tomato and also 
parasitoids regulated the larval stage. Dill and garlic have been reported to act 
as repellent against P. xylostella (Buranday and Raros, 1973, Srinivasan, 1984, 
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Talekar et al., 1986). While, confusing olfactory and visual cues received from 
the non host plants, leading to disruption of mating, are believed to be partly 
responsible for reduction in larval number. It is also hypothesized that the 
insect is more likely to leave the host patch because of frequent encounters 
with non-host plants (Asman et al., 2001). In an open field intercropping 
experiment, white cabbage grown in high clover, Trifolium paratense received 
fewer eggs of P. xylostella than in monoculture (Asman et al, 2001) and 
suggested that the clover visually camouflaged the host plants and supported 
the disruptive crop hypotheses. Contrary to that technical report of AVRDC, 
Taiwan has suggested that none of the 54 crops tested for their utility in 
intercropping had any significant impact on the population of DBM on cabbage 
(Anonymous, 1998). Nonethless, higher number of imported cabbage worm 
were counted on Brassicas intercropped with tomato than the Brassicas grown 
in monoculture (Maguire, 1984, Bach and Tabashnik 1990, Bomford, 2004). 
Further, it was reported by Bomford (2004) that when tomato and Brussels 
sprouts were combined in diculture the yield of both components crops was 
lower than in monoculture. 
Cumin and fennel intercrops were also effective in reducing the 
population P. xylostella in the present study. Although similar result was 
obtained mustard + fennel offered a significantly lower L. erysimi population in 
comparison to other combination (Ali and Ansari, 2008). It was confirmed by 
Singh and Kothari (1997) that allelochemicals released by the fermel may deter 
the colonization of aphid as well as phenotypic characteristics of fennel 
inflorescence result in natural cover across the inflorescence of mustard 
canopy. This arrangement may have reduced the increase in aphid population 
because it created an effective allelochemical barrier film that may have acted 
as an alarm pheromone, similar to that reported for aphids in wild potato, 
Solarium berthaultii (Gibson and Pickett, 1993). 
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Table-5.1. Effect of intercropping on the infestation of P. xylostella on cauliflower (60x45 cm spacing) 
in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garhc 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Control (cauliflower) 
lODAP 
2.33 
2.11 
2.46 
2.13 
1.26 
1.2 
1.25 
1.18 
1,88 
1.26 
1.25 
1.16 
1.55 
1.52 
2.75 
2.45 
1.78 
1.70 
3.26 
20DAP 
2.55 
2.50 
2.66 
2.49 
2.15 
2.11 
2.43 
2.12 
2.87 
2.55 
2.44 
2.40 
2.78 
2.56 
3.26 
3.24 
2.12 
2.09 
5.66 
30DAP 
3.21 
3.12 
3.12 
3.10 
2.5 
2.41 
2.95 
2.65 
3.09 
3.02 
3.12 
3.1 
3.18 
3.15 
3.98 
3.65 
3.22 
3.18 
8.26 
40DAP 
5.24 
5.02 
5.12 
5.1 
3.21 
3.12 
3.65 
3.25 
3.46 
3.44 
3.88 
3.69 
3.75 
3.65 
4.85 
4.65 
3.65 
3.62 
10.45 
50DAP 
6.45 
6.23 
6.25 
6.21 
4.65 
4.62 
4.99 
4.95 
4.26 
4.23 
4.65 
4.62 
4.89 
4.81 
6.13 
6.12 
4.55 
4.51 
13.23 
60DAP 
7.22 
7.46 
7.55 
7.25 
4.12 
4.09 
4.75 
4.62 
4.25 
4.21 
4.55 
4.78 
4.59 
4.52 
7.26 
7,24 
4.45 
4.44 
15.43 
70DAP 
5.26 
5.21 
4.52 
4.4 
3.65 
3.55 
3.69 
3.62 
3,68 
3,65 
3,98 
3,65 
3,58 
3.51 
3,77 
3,72 
3.12 
3.1 
14.26 
80DAP 
3,56 
3,21 
3.45 
3.12 
2.36 
2.21 
2.68 
2.65 
2.44 
2.4 
2.88 
2.84 
2.25 
2.24 
3.21 
3.16 
2.65 
2.63 
10.23 
90DAP 
3.25 
3.16 
2,12 
2,11 
1,26 
1,22 
2,11 
2,1 
2,16 
2,13 
1,95 
1,56 
1,75 
1,62 
2,31 
2,22 
1,26 
1.25 
9.58 
Avg. DBM pop. 
4.34 
4.22 
4.14 
3.99 
2.80 
2.73 
3.17 
3.02 
3.12 
2.99 
3.19 
3.09 
3.15 
3.06 
4.17 
4.05 
2.98 
2.95 
10.04 
Table-5.2. Effect of intercropping on the infestation of P. xylostella on cauliflower (60x45 cm spacing) 
in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Feimel 
Coriander 
Lucerne 
Marigold 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
Control (cauliflower) 
lODAP 
3.21 
3.15 
3.45 
3.21 
2.21 
2.16 
2.31 
2.29 
2.55 
2.54 
2.88 
2.56 
2.56 
2.34 
3.88 
3.65 
3.05 
3.04 
4.67 
20DAP 
4.26 
4.22 
4.89 
4.56 
3.11 
3.05 
3.55 
3.45 
3.22 
3.21 
3.74 
3.73 
3.45 
3.24 
4.75 
4.71 
3.75 
3.55 
7.21 
30DAP 
5.23 
5.21 
5.16 
5.11 
3.76 
3.45 
3.95 
3.65 
4.16 
4.12 
4:26 
4.16 
3.89 
3.66 
5.21 
5.22 
4,02 
4 
12.28 
40DAP 
6.75 
6.45 
6.79 
6.75 
4.13 
4.1 
4.42 
4.32 
4.52 
4.26 
4.87 
4.85 
4.21 
4,16 
6,13 
6,05 
4,16 
4,11 
14.85 
50DAP 
7.21 
7.19 
7.18 
7.12 
4.26 
4.23 
4.65 
4.42 
4.75 
4.65 
5.06 
5.02 
4.56 
4.26 
7.22 
7.12 
4.69 
4.56 
16.35 
60DAP 
7.5 
7.45 
7.86 
7.74 
4.48 
4.41 
4.9 
4.82 
4.92 
4.83 
5.33 
5.32 
4.96 
4.85 
7.46 
7.26 
5.12 
5.11 
18.29 
70DAP 
7.89 
7.45 
7.98 
7.63 
4.75 
4.65 
5.16 
5.11 
5.55 
5.47 
5.49 
5.45 
5.22 
5.19 
8.11 
8.06 
5.79 
5.73 
15.21 
80DAP 
5.76 
5.72 
5.45 
5.42 
3.56 
3.41 
4.13 
4.11 
4.02 
4.01 
3.78 
3.73 
3.55 
3.51 
6.23 
6.21 
3.85 
3.82 
11.23 
90DAP 
3.65 
3.54 
3.21 
3.2 
2.21 
2.16 
3.2 
3.18 
3.45 
3.44 
3.13 
3.1 
2.75 
2.72 
3.89 
3.82 
3.23 
3.15 
10.26 
Avg. DBM pop. 
5.72 
5.60 
5.77 
5.64 
3.61 
3.51 
4.03 
3.93 
4.13 
4.06 
4.28 
4.21 
3.91 
3.77 
5.88 
5.79 
4.18 
4.12 
12.26 
Mean no. of larvae and pupae/plant 
DAP= Days After Plantation 
n ^m 
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Table-5,3. Effect of intercropping on the infestation of P. xylostella on cauliflower (55x35 cm spacing) 
in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Control (cauliflower) 
lODAP 
2.75 
2.45 
2.72 
2.71 
1.45 
1.23 
1.74 
1.26 
1.45 
1.26 
1.23 
1.25 
1.75 
1.65 
2.88 
2.76 
1.82 
1.83 
3.46 
20DAP 
2.99 
2.86 
2.45 
2.35 
2.66 
2.63 
2.65 
2.32 
2.79 
2.46 
2.55 
2.48 
2.32 
2.22 
3.21 
3.20 
2.45 
2.32 
6.50 
30DAP 
3.88 
3.25 
3.46 
3.25 
2.78 
2.65 
3.05 
3.91 
3.1 
3.04 
3.14 
3.11 
3.16 
3.15 
4.1 
4.06 
3.45 
3.12 
8.79 
40DAP 
6.23 
6.2 
5.4 
5.32 
3.55 
3.45 
3.78 
3.45 
3.65 
3.58 
3.99 
3.69 
3.87 
3.85 
4.9 
4.88 
3.89 
3.8 
12.59 
50DAP 
7.26 
7.18 
6.45 
6.35 
4.85 
4,81 
5.12 
5.1 
4.56 
4.55 
4.87 
4.86 
4.95 
4.9 
6.21 
6.18 
4.66 
4.6 
15.49 
60DAP 
8.25 
8.11 
7.65 
7.58 
4.25 
4.21 
4.88 
4.78 
4.56 
4.65 
4.72 
4.53 
4.62 
4.61 
7.56 
7.49 
4.56 
4.52 
17.49 
70DAP 
5.65 
5.61 
4.69 
4.65 
3.85 
3.65 
3.88 
3.8 
3.88 
3.54 
4.01 
3.95 
3.65 
3.64 
3.83 
3.81 
3.45 
3.4 
16.45 
80DAP 
3.64 
3.62 
3.25 
3.21 
2.41 
2.39 
2.94 
2.94 
2.56 
2.54 
2.97 
2.92 
2.65 
2.63 
3.22 
3.21 
2.88 
2.85 
12.35 
90DAP 
3.35 
3.25 
2.35 
2.21 
1.34 
1.31 
2.15 
2.13 
2.19 
2.14 
1.99 
1.93 
1.77 
1.63 
2.36 
2.34 
1.35 
1.29 
10.22 
Avg. DBM pop. 
4.89 
4.73 
4.27 
4.18 
3.02 
2.93 
3.35 
3.30 
3.19 
3.08 
3.27 
3.19 
3.19 
3.14 
4.25 
4.21 
3.17 
3.08 
11.48 
Table-5.4. Effect of intercropping on the infestation of P. xylostella on cauliflower (55x35 cm spacing) 
in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25+2 
Control (Cauliflower) 
lODAP 
3.45 
3.21 
3.51 
3.26 
2.45 
2.33 
2.38 
2.32 
2.89 
2.46 
2.9 
2,78 
2.65 
2.33 
3.9 
3,45 
3,11 
3.09 
4,76 
20DAP 
4.59 
4.46 
4.78 
4.58 
3.16 
3.12 
3.68 
3.65 
3.41 
3.32 
3.87 
3.65 
3.65 
3.21 
4.89 
4.56 
3.96 
3,45 
5,88 
30DAP 
5.42 
5.38 
5.33 
5.16 
3.76 
3.62 
4.11 
4.06 
4.51 
4.35 
4.76 
4.64 
3.97 
3.94 
5.44 
5.4 
4.16 
4.11 
8,16 
40DAP 
6,88 
6.47 
6.89 
6.76 
4.19 
4.15 
4.59 
4.51 
4.88 
4.75 
4.97 
4.9 
4.43 
4,31 
6.19 
6,13 
4.46 
4.26 
13,45 
50DAP 
7.49 
7.19 
7.32 
7.21 
4.36 
4.29 
4.66 
4.46 
4.85 
4.85 
5.18 
5.13 
4.75 
4.62 
7.45 
7,24 
4.75 
4,26 
15,75 
60DAP 
7,65 
7.55 
7.89 
7.59 
4.78 
4.56 
4.99 
4.73 
5.09 
5.02 
5.49 
5,42 
5,1 
5.06 
7.86 
7,65 
5,26 
5,21 
16,49 
70DAP 
7.96 
7.93 
8.12 
7,99 
4.98 
4.92 
5.46 
5.43 
5.75 
5.73 
5.65 
5.62 
5.48 
5.44 
8.32 
8.23 
5.97 
5.92 
16.22 
80DAP 
5.85 
5.83 
5.56 
5,5 
3.78 
3.65 
4.25 
4.16 
4.13 
4.11 
3.79 
3.74 
3.6 
3.55 
6.28 
6,23 
3.91 
3.91 
11.26 
90DAP 
3.75 
3.67 
3.45 
3.26 
2.32 
2.25 
3.25 
3.21 
3.65 
3.62 
3.16 
3.15 
2.88 
2.81 
3.97 
3,92 
3,29 
3,21 
8,56 
Avg. DBM pop. 
5.89 
5.74 
5.87 
5.70 
3.75 
3.65 
4.15 
4.06 
4.35 
4.25 
4.42 
4.34 
4.06 
3.92 
6.03 
5,87 
4.32 
4.16 
11.17 
Mean no. of larvae and pupae/plant 
DAP= Days After Plantation 
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Table-5.5. Effect of intercropping on the infestation of P. xylostella on cauliflower (60x45 cm spacing) 
in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15.2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Control (cauliflower) 
lODAP 
3.50 
3.25 
2.33 
2.00 
1.25 
1.15 
2.36 
2.13 
2.10 
2.25 
2.33 
2.00 
3.00 
3.00 
3.88 
3.75 
2.44 
2.32 
3.76 
20DAP 
3.66 
3.44 
3.32 
2.66 
2.00 
1.75 
2.66 
3.00 
3.30 
3.00 
3.66 
3.33 
4.33 
4.00 
5.26 
5.12 
2.66 
2.52 
5.42 
30DAP 
5.00 
4.85 
5.00 
4.66 
2.79 
2.15 
4.12 
3.00 
4.00 
4.00 
5.33 
4.00 
5.66 
5.00 
6.45 
6.23 
3.33 
3.16 
8.45 
40DAP 
5.66 
5.33 
6.00 
5.85 
4.26 
4.13 
5.17 
5.00 
5.66 
4.66 
6.33 
4.66 
7.66 
6.66 
7.75 
6.45 
4.33 
4.25 
11.47 
50DAP 
7.50 
7.15 
7.66 
6.45 
5.46 
5.42 
7.09 
6.33 
8.33 
6.66 
7.66 
5.33 
9.33 
8.66 
9.25 
8.95 
6.13 
6.06 
14.78 
60DAP 
8.26 
8.00 
9.33 
8.00 
6.13 
6,05 
8.66 
7.00 
9.66 
8.33 
9.66 
8.00 
10.66 
9.66 
10.99 
10.55 
8.13 
8.10 
17.35 
70DAP 
10,55 
10.45 
10.65 
9.46 
9.45 
9.15 
10.55 
10.22 
9.25 
9.21 
9.90 
9.75 
10.88 
10.76 
12.26 
11.21 
10.26 
10.21 
18.45 
80DAP 
8.25 
8.11 
9.12 
7.24 
7.33 
7.19 
8.14 
8.05 
8.76 
8.45 
8.76 
8.15 
13.00 
11.33 
10.59 
10.26 
9.65 
9.52 
15.46 
90DAP 
6.25 
6.15 
6,55 
5,34 
7,66 
6.33 
7.90 
6.55 
7.46 
7.16 
7,45 
7,25 
13.66 
11.66 
7.85 
7.45 
7.25 
7.20 
11.00 
Avg. DBM pop. 
6.51 
6.30 
6.66 
5.74 
5.15 
4.81 
6.29 
5.70 
6.50 
5.97 
6.79 
5.83 
8.69 
7.86 
8.25 
7.77 
6.02 
5.93 
11.79 
Table-5.6. Effect of intercropping on the infestation of F. xylostella on cauliflower (60x45 cm spacing) 
in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
Control (cauliflower) 
lODAP 
4.50 
4.33 
4.00 
3.50 
1.50 
1.54 
3.33 
3.33 
3.00 
2.66 
3.33 
2.00 
2,45 
2.46 
4.66 
4.33 
1,66 
1,66 
3,79 
20DAP 
6.00 
5.33 
5.66 
4.66 
3.66 
3,50 
4.00 
3.66 
3.33 
3.33 
4.66 
3.33 
4.25 
4.21 
6.66 
5.33 
3.33 
2.33 
5.73 
30DAP 
7.23 
7.33 
6.33 
6.33 
4.66 
4.15 
5.66 
4.66 
5.66 
4.00 
6.33 
5.33 
6.78 
6,66 
8.33 
7.33 
5.66 
4.33 
8.97 
40DAP 
9.25 
9.26 
9.66 
8.33 
5.00 
4.66 
7.33 
6.33 
7,66 
6.66 
8.66 
8.00 
8.59 
8.42 
11.33 
9.33 
6,33 
5,33 
11,45 
50DAP 
9,45 
9.32 
9.75 
9.45 
8.66 
8.33 
10.66 
10.58 
9,55 
9.41 
13.33 
12.66 
10.26 
10.11 
12.66 
13.50 
10.33 
9.33 
15.46 
60DAP 
10.12 
10.01 
10.33 
10.66 
7.33 
6.66 
9.33 
9.33 
9.00 
8.50 
11.66 
10.66 
11.26 
11.05 
14,50 
10,50 
10.45 
10.42 
17.23 
70DAP 
11.75 
11.55 
11.45 
11.40 
9.65 
9.23 
10.28 
10.27 
10.78 
10.47 
10.40 
10.35 
11.89 
11.55 
13.66 
15.50 
11.88 
11,82 
18.95 
80DAP 
8.75 
8.41 
8.45 
8.32 
7.88 
7.65 
9.56 
9.47 
8.24 
8.19 
9.56 
9.45 
9.56 
9.23 
9.75 
9.66 
9.25 
9.66 
14.23 
90DAP 
5.66 
5.45 
5.46 
5.32 
4.61 
4.26 
5.24 
5,23 
5.14 
5.11 
5.45 
5.13 
6.55 
6.25 
6,16 
6.11 
6.23 
6.21 
12.45 
Avg. DBM pop. 
8.08 
7.89 
7.90 
7.55 
5.88 
5.55 
7.27 
6.98 
6.93 
6.48 
8.15 
7.43 
7.95 
7.77 
9.75 
9.07 
7,24 
6,79 
12.03 
Mean no, of larvae and pupae/plant 
DAP= Days After Plantation 
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Table-5.7. Effect of intercropping on the infestation of P. xylostella on cauliflower (55x35 cm spacing) 
in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Control (cauliflower) 
lODAP 
3.88 
3.55 
3.75 
3.41 
2,36 
2.22 
3.76 
3.25 
3.46 
3.32 
3.24 
3.12 
3.76 
3.74 
3.98 
3.75 
3.42 
3.41 
4.46 
20DAP 
4.75 
4.62 
4,43 
4.22 
3.65 
3.62 
4.11 
4.05 
4,23 
4,12 
4,16 
4,12 
4,55 
4.51 
4.68 
4.62 
4.69 
4.33 
6.54 
30DAP 
6.46 
6.43 
6.32 
6.28 
4,98 
4,62 
6,16 
6,11 
6,24 
6,22 
6,10 
6,05 
6,18 
6.14 
6.55 
6.43 
5.75 
5.72 
9.56 
40DAP 
7.88 
7.56 
7,45 
7,36 
5,44 
5,29 
7,66 
7.36 
7,42 
7,32 
7,25 
7,21 
7,54 
7,21 
7,69 
7,42 
7,13 
7.10 
13,25 
50DAP 
9,59 
9.42 
9.48 
9.40 
6,20 
6,21 
9,13 
9.11 
9,36 
9,34 
9,21 
9,15 
9,46 
9,31 
9.78 
9.68 
9.42 
9.43 
15.65 
60DAP 
10.72 
10.46 
10.46 
10.35 
6.95 
6.88 
10.45 
10.42 
10.56 
10.51 
10.35 
10.31 
10.46 
10.32 
10.86 
10.75 
10.23 
10.19 
17.45 
70DAP 
11.46 
11.43 
11.13 
11.10 
7,28 
7,24 
11,16 
11,23 
11,35 
11,26 
11,25 
11,21 
11,32 
11,22 
11.75 
11.29 
11.23 
11.12 
19.14 
80DAP 
10.75 
10.76 
10.26 
10.23 
7.11 
7.13 
10.56 
10.26 
10.35 
10.23 
10.42 
10.22 
10.26 
10.23 
10.89 
10.78 
10.43 
10.22 
15.26 
90DAP 
8.56 
8.46 
8.42 
8.32 
6.12 
6,11 
8.42 
8.42 
8.56 
8.51 
8.43 
8.36 
8.29 
8.22 
9.22 
9.21 
8.41 
8.38 
11.25 
Avg. DBM pop. 
8.23 
8.08 
7.97 
7.85 
5.57 
5.48 
7.93 
7.80 
7.95 
7.87 
7.82 
7.75 
7.98 
7.88 
8.38 
8.21 
7.86 
7.77 
12.51 
Table-5.8. Effect of intercropping on the infestation of P. xylostella on cauliflower (55x35 cm spacing) 
in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Feimel 
Coriander 
Lucerne 
Marigold 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 • 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
Control (cauliflower) 
lODAP 
3.99 
3.92 
3.78 
3.71 
2.75 
2.65 
3.76 
3.63 
3.55 
3.52 
3.66 
3.54 
3,79 
3,76 
4,06 
3.95 
3.75 
3,46 
4,88 
20DAP 
4,95 
4,87 
4,65 
4,62 
3,88 
3,81 
4,89 
4.86 
4.45 
4.32 
4.85 
4.62 
4.95 
4,78 
4.56 
4,95 
4,92 
4,88 
6,75 
30DAP 
6,95 
6,78 
6,92 
6,85 
4,86 
4,81 
6,75 
6.79 
6,82 
6,71 
6,45 
6.43 
6.55 
6.45 
7.1 
7 
6.15 
6.13 
10.12 
40DAP 
8.56 
8.32 
8.46 
8.3 
5.87 
5.62 
8.44 
8.43 
8.16 
8.11 
8.49 
8.35 
8.4 
8.26 
8.75 
8.46 
7.66 
7.63 
12.36 
50DAP 
10.25 
10.2 
10.16 
10.12 
7.14 
7.09 
9.89 
9.75 
9.76 
9.64 
9.78 
9.72 
9.98 
9.75 
10,43 
10.25 
9.76 
9.72 
14.45 
60DAP 
10.76 
10.26 
10.46 
10.42 
7.69 
7.65 
9.98 
9.92 
9.87 
9.76 
9.82 
9,8 
10,06 
10 
11,21 
11.11 
9,89 
9,82 
17,79 
70DAP 
11,79 
11,56 
11,46 
11,42 
8,46 
8,35 
11,76 
11.26 
11,89 
11.48 
12.12 
11.99 
11.96 
11.92 
12.46 
12.43 
11,75 
11,42 
19,78 
80DAP 
11.23 
11.21 
11.13 
11.09 
8.23 
8.21 
10.75 
10.42 
11.23 
11.12 
11.45 
11.39 
11.45 
11.32 
11.87 
11.85 
10,75 
10.65 
16.45 
90DAP 
9.76 
9.46 
9.45 
9.12 
7.23 
7.12 
10.11 
10.03 
10.7 
10.52 
10.78 
10.36 
10.85 
10.46 
11.2 
11.15 
10.63 
10.85 
12.23 
Avg. DBM pop. 
8.69 
8.51 
8.50 
8.41 
6.23 
6.15 
8.48 
8.34 
8.49 
8.35 
8.60 
8.47 
8.67 
8.52 
9.07 
9.02 
8.36 
8.28 
12.76 
Mean no. of larvae and pupae/plant 
DAP= Days After Plantation 
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Table-5.11. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x45cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
LSDP^a.QS 
Yield of 
cauliflower 
(q/ha) 
239.50c 
240.6 Id 
236.72b 
237.94c 
261.61h 
263.38h 
247.83e 
248.72e 
254.76g 
255.54g 
251.83f 
253.50f 
248.74e 
249.65e 
239.70c 
241.19d 
234.90b 
235.94b 
222.17a 
% increase 
yield 
7.80 
8.30 
6.55 
7.10 
17.75 
18.55 
11.55 
11.95 
14.67 
15.02 
13.35 
14.10 
11.96 
12.37 
7.89 
8.56 
5.73 
6.20 
1.90 1 
Return from 
cauliflower 
(Rs/ha) 
95799.70 
96244.04 
94688.85 
95177.63 
104642.07 
105353.01 
99132.25 
99487.73 
101904.94 
102215.97 
100731.88 
101398.39 
99496.61 
99860.97 
95879.69 
96475.10 
93960.14 
94377.82 
88868.00 
Yield of 
intercrop 
(q/ha) 
0.30 
0.45 
0.16 
0.23 
12.60 
18.60 
5.60 
8.30 
0.34 
0.48 
0.40 
0.60 
0.41 
0.61 
0.25 
0.33 
0.11 
0.15 
-
Return from 
intercrop 
(Rs/ha) 
6000.00 
9000.00 
6240.00 
9200.00 
6300.00 
9300.00 
5040.00 
7470.00 
7310.00 
10320.00 
7200.00 
10800.00 
5740.00 
8540.00 
5000.00 
6600.00 
6875.00 
9375.00 
-
Gross 
return 
(Rs/ha) 
101799.70 
105244.04 
100928.85 
104377.63 
110942.07 
114653.01 
104172.25 
106957.73 
109214.94 
112535.97 
107931.88 
112198.39 
105236.61 
108400.97 
100879.69 
103075.10 
100835.14 
103752.82 
-
Additional return 
over sole crop 
(Rs/ha) 
12931.70 
16376.04 
12060.85 
15509.63 
22074.07 
25785.01 
15304.25 
18089.73 
20346.94 
23667.97 
19063.88 
23330.39 
16368.61 
19532.97 
12011.69 
14207.10 
11967.14 
14884.82 
-
Table-5.12. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x45cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
L5DP= 0.05 
Yield of 
cauliflower 
(q/ha) 
235.20c 
236.24d 
232.58b 
233.62c 
256.16g 
256.44g 
242.90d 
243.06d 
249.89f 
250.26f 
246.96e 
247.14e 
243.78d 
244.43d 
235.37c 
235.48c 
230.46b 
231.33b 
218.34a 
1.88 
% increase 
yield 
7.72 
8.20 
6.52 
7.00 
17.32 
17.45 
11.25 
11.32 
14.45 
14.62 
13.11 
13.19 
11.65 
11.95 
7.80 
7.85 
5.55 
5.95 
Return from 
cauliflower 
(Rs/ha) 
94078.34 
94497.55 
93030.31 
93449.52 
102462.60 
102576.13 
97161.30 
97222.44 
99956.05 
100104.52 
98785.75 
98855.62 
97510.64 
97772.65 
94148.21 
94191.88 
92183.15 
92532.49 
87336.00 
Yield of 
intercrop 
(q/ha) 
0.19 
0.27 
0.09 
0.13 
7.78 
11.60 
3.46 
5.00 
0.20 
0.30 
0.24 
0.36 
0.26 
0.38 
0.15 
0.23 
0.07 
0.12 
-
Return from 
intercrop 
(RsAa) 
3740.00 
5400.00 
3600.00 
5200.00 
3890.00 
5800.00 
3114.00 
4500.00 
4300.00 
6450.00 
4320.00 
6480.00 
3640.00 
5320.00 
3000.00 
4600.00 
4375.00 
7500.00 
-
Gross 
return 
(Rs/ha) 
97818.34 
99897.55 
96630.31 
98649.52 
106352.60 
108376.13 
100275.30 
101722.44 
104256.05 
106554.52 
103105.75 
105335.62 
101150.64 
103092.65 
97148.21 
98791.88 
96558.15 
100032.49 
-
Additional return 
over sole crop 
(Rs/ha) 
10482.34 
12561.55 
9294.31 
11313.52 
19016.60 
21040.13 
12939.30 
14386.44 
16920.05 
19218.52 
15769.75 
17999.62 
13814,64 
15756,65 
9812.21 
11455.88 
9222.15 
12696.49 
-
Values not followed by same letter are significantly different (P= 0.05) by DMRT 
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Table-5.U. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x45cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
15:1 
15;2 
15:1 
15:2 
15:1 
15.2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
LSD P= 0.05 
Yield of 
cauliflower 
(q/ha) 
239.50c 
240.6 Id 
236.72b 
237.94c 
261.61h 
263.38h 
247.83e 
248.72e 
254.76g 
255.54g 
251.83f 
253.50f 
248.74e 
249.65e 
239.70e 
241.19d 
234.90b 
235.94b 
222.17a 
1.90 
% increase 
yield 
7.80 
8.30 
6.55 
7.10 
17.75 
18.55 
11.55 
11.95 
14.67 
15.02 
13.35 
14.10 
11.96 
12.37 
7.89 
8.56 
5.73 
6.20 
Return fi-om 
cauliflower 
(Rs/ha) 
95799.70 
96244.04 
94688.85 
95177.63 
104642.07 
105353.01 
99132.25 
99487.73 
101904.94 
102215.97 
100731.88 
101398.39 
99496.61 
99860.97 
95879.69 
96475.10 
93960.14 
94377.82 
88868.00 
Yield of 
intercrop 
(q/ha) 
0.30 
0.45 
0.16 
0.23 
12.60 
18.60 
5.60 
8.30 
0.34 
0.48 
0.40 
0.60 
0.41 
0.61 
0.25 
0.33 
0.11 
0.15 
-
Return from 
intercrop 
(Rs/ha) 
6000.00 
9000.00 
6240.00 
9200.00 
6300.00 
9300.00 
5040.00 
7470.00 
7310.00 
10320.00 
7200.00 
10800.00 
5740.00 
8540.00 
5000.00 
6600.00 
6875.00 
9375.00 
-
Gross 
return 
(Rs/ha) 
101799.70 
105244.04 
100928.85 
104377.63 
110942.07 
114653.01 
104172.25 
106957.73 
109214.94 
112535.97 
107931.88 
112198.39 
105236.61 
108400.97 
100879.69 
103075.10 
100835.14 
103752.82 
-
Additional return 
over sole crop 
(Rs/ha) 
12931.70 
16376.04 
12060.85 
15509.63 
22074.07 
25785.01 
15304.25 
18089.73 
20346.94 
23667.97 
19063.88 
23330.39 
16368.61 
19532.97 
12011.69 
14207.10 
11967.14 
14884.82 
-
TabIe-5.12. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x45cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
LSDP=O.OS 
Yield of 
cauliflower 
(q/ha) 
235.20c 
236.24d 
232.58b 
233.62c 
256.16g 
256.44g 
242.90d 
243.06d 
249.89f 
250.26f 
246.96e 
247.14e 
243.78d 
r244.43d 
235.37c 
235.48c 
230.46b 
231.33b 
218.34a 
1 88 
% increase 
yield 
7.72 
8.20 
6.52 
7.00 
17.32 
17.45 
11.25 
11.32 
14.45 
14.62 
13.11 
13.19 
11.65 
11.95 
7.80 
7.85 
5.55 
5.95 
Return from 
cauliflower 
(Rs/ha) 
94078.34 
94497.55 
93030.31 
93449.52 
102462.60 
102576.13 
97161.30 
97222.44 
99956.05 
100104.52 
98785.75 
98855.62 
97510.64 
97772.65 
94148.21 
94191.88 
92183.15 
92532.49 
87336.00 
Yield of 
intercrop 
(q/ha) 
0.19 
0.27 
0.09 
0.13 
7.78 
11.60 
3.46 
5.00 
0.20 
0.30 
0.24 
0.36 
0.26 
0.38 
0.15 
0.23 
0.07 
0.12 
-
Return from 
intercrop 
(Rs/ha) 
3740.00 
5400.00 
3600.00 
5200.00 
3890.00 
5800.00 
3114.00 
4500.00 
4300.00 
6450.00 
4320.00 
6480.00 
3640.00 
5320.00 
3000.00 
4600.00 
4375.00 
7500.00 
-
Gross 
return 
(Rs/ha) 
97818.34 
99897.55 
96630.31 
98649.52 
106352.60 
108376.13 
100275.30 
101722.44 
104256.05 
106554.52 
103105.75 
105335.62 
101150.64 
103092.65 
\ 97148,21 
98791.88 
96558.15 
100032.49 
-
Additional return 
over sole crop 
(Rs/ha) 
10482.34 
12561.55 
9294.31 
11313.52 
19016.60 
21040.13 
12939.30 
14386.44 
16920.05 
19218.52 
15769.75 
17999.62 
13814.64 
15756.65 
9812,21 
11455.88 
9222.15 
12696.49 
-
Values not followed by same letter are significantly different (P= 0.05) by DMRT 
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Table-5,13. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(55x35cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
15:1 
15;2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
lSDP=Qm 
Yield of 
cauliflower 
(q/ha) 
230.42d 
230.63d 
227.95c 
228.31c 
250.50h 
250.83h 
236.78e 
237.40e 
243.20g 
243.95g 
239.55f 
240.08f 
236.65e 
237.08e 
228.48c 
228.85c 
223.97b 
224.83b 
214.85a 
1.20 
% increase 
yield 
7.25 
7.35 
6.10 
6.27 
16.60 
16.75 
10.21 
10.50 
13.20 
13.55 
11.50 
11.75 
10.15 
10.35 
6.35 
6.52 
4.25 
4.65 
Return from 
cauliflower 
(Rs(Tia) 
92166.36 
92252.30 
91178.10 
91324.19 
100201.38 
100330.28 
94710.07 
94959.28 
97279.55 
97580.33 
95818.64 
96033.48 
94658.50 
94830.38 
91392.94 
91539.03 
89588.28 
89932.02 
85940.00 
Yield of 
intercrop 
(q/ha) 
0.26 
0.42 
0.12 
0.18 
12.50 
18.42 
5.32 
8.18 
0.32 
0.42 
0.32 
0.45 
0.32 
0.54 
0.23 
0.26 
0.10 
0.11 
-
Return from 
intercrop 
(Rs/ha) 
5200.00 
8400.00 
4800.00 
7200.00 
6250.00 
9210.00 
4788.00 
7362.00 
6880.00 
9030.00 
5760.00 
8100.00 
^ 4480.00 
7560.00 
4600.00 
5200.00 
6250.00 
6875.00 
-
Gross 
return 
(l?Vha) 
97366.36 
100652.30 
95978.10 
98524.19 
106451.38 
109540.28 
99498.07 
102321.28 
104159.55 
106610.33 
101578.64 
104133.48 
99138.50 
102390.38 
95992.94 
96739.03 
95838.28 
96807.02 
-
Additional return 
over sole crop 
(Rs/ha) 
11426.36 
14712.30 
10038.10 
12584.19 
20511.38 
23600.28 
13558.07 
16381.28 
18219.55 
20670.33 
15638.64 
18193.48 
13198.50 
16450.38 
10052.94 
10799.03 
9898.28 
10867.02 
-
Table-5.14. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(55x35cm spacing) in 2004-05. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
LSDP^O.OS 
Yield of 
cauliflower 
(q/ha) 
238.64d 
238.75d 
235.92c 
236.41c 
258.4 Ih 
258.72h 
244.16e 
245.49e 
250.44g 
250.88g 
247.48f 
247.9f 
244.38e 
244.71e 
236.28c 
236.97c 
231.91b 
232.47b 
222.67a 
1.55 
% increase 
yield 
7.17 
7.22 
5.95 
6.17 
16.05 
16.19 
9.65 
10.25 
12.47 
12.67 
11.14 
11.33 
9.75 
9.90 
6.11 
6.42 
4.15 
4.40 
-
Return from 
cauliflower 
(RsAia) 
95454.18 
95498.71 
94367.55 
94563.50 
103363.41 
103488.11 
97663.06 
98197.47 
100174.78 
100352.92 
98990.18 
99159.40 
97752.13 
97885.73 
94510.05 
94786.17 
92764.32 
92986.99 
89068.00 
Yield of 
intercrop 
(q/ha) 
0.18 
0.26 
0.07 
0.11 
7.52 
11.20 
3.21 
4.65 
0.19 
0.27. 
0.20 
0.31 
0.22 
0.34 
0.11 
0.15 
0.06 
0.10 
-1 
Return from 
intercrop 
(Rs/ha) 
3600.00 
5260.00 
2800.00 
4400.00 
3760.00 
5600.00 
2889.00 
4185.00 
4063.50 
5762.00 
3600.00 
5580.00 
3080.00 
4760.00 
2200.00 
3000.00 
3875.00 
6250.00 
-
Gross 
return 
(Rs/ha) 
99054.18 
100758.71 
97167.55 
98963.50 
107123.41 
109088.11 
100552.06 
102382.47 
104238.28 
106114.92 
102590.18 
104739.40 
100832.13 
102645.73 
96710.05 
97786.17 
96639.32 
99236.99 
-
Additional return 
over sole crop 
(Rs/ha) 
9986.18 
11690.71 
8099.55 
9895.50 
18055.41 
20020.11 
11484.06 
13314.47 
15170.28 
17046.92 
13522.18 
15671.40 
11764.13 
13577.73 
7642.05 
8718.17 
7571.32 
10168.99 
-
Values not followed by same letter are significantly different (P= 0.05) by DMRT 
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Table-5.15. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x55cm spacing) in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
LSDP=0.05 
Ratio 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Yield of 
cauliflower 
(q/ha) 
230.59c 
231.61c 
227.80b 
229.09b 
251.77g 
251.88g 
238.49d 
239.25d 
244.56f 
245.24f 
242.25e 
243.96e 
239.25d 
240.64d 
230.69c 
231.66c 
225.94b 
226.95b 
214.00a 
2.25 
% increase 
yield 
7.75 
8.23 
6.45 
7.05 
17.65 
17.70 
11.45 
11.80 
14.60 
14.25 
13.20 
14.00 
11.80 
12.45 
7.80 
8.25 
5.58 
6.05 
Return from 
cauliflower 
(Rs/ha) 
92234.00 
92644.88 
91121.20 
91634.80 
100708.40 
100751.20 
95396.92 
95700.80 
98097.60 
97798.00 
96899.20 
97584.00 
95700.80 
96257.20 
92276.80 
92662.00 
90376.48 
90778.80 
85600.00 
Yield of 
intercrop 
(q/ha) 
0.295 
0.425 
0.145 
0.220 
12.550 
18.140 
5.520 
8.250 
0.320 
0.410 
0.392 
0.589 
0.400 
0.605 
0.230 
0.322 
0.109 
0.140 
-
Return from 
intercrop 
(Rs/ha) 
5900 
8500 
5800 
8800 
6275 
9070 
4968 
7425 
6880 
8815 
7056 
10602 
5600 
8470 
4600 
6440 
6812.5 
8750 
-
Gross 
return 
(Rs/ha) 
98134.00 
101144.88 
96921.20 
100434.80 
106983.40 
109821.20 
100364.92 
103125.80 
104977.60 
106613.00 
103955.20 
108186.00 
101300.80 
104727.20 
96876.80 
99102.00 
97188.98 
99528.80 
-
Additional return 
over sole crop 
(Rs/ha) 
12534.00 
15544,88 
11321.20 
14834.80 
21383.40 
24221.20 
14764.92 
17525.80 
19377.60 
21013.00 
18355,20 
22586.00 
15700.80 
19127.20 
11276.80 
13502.00 
11588.98 
13928.80 
-
Table-5.16. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(60x55cm spacing) in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
LSDP=0.05 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
Yield of 
cauliflower 
(q/ha) 
235.60d 
236.30d 
233.06c 
234.07c 
256.00i 
256.22i 
241,12c 
242,76c 
249.59h 
250,79h 
247,07g 
247.88g 
244.25f 
244,82f 
235.91d 
236.26d 
231.27b 
231.82b 
218.90a 
2,12 
% increase 
yield 
7,63 
7.95 
6.47 
6.93 
16.95 
17.05 
10.15 
10.90 
14.02 
14.57 
12.87 
13,24 
11,58 
11,84 
7,77 
7,93 
5,65 
5,90 
-
Return from 
cauliflower 
(Rs/ha) 
94240.83 
94521.02 
93225.13 
93627.91 
102401.42 
102488.98 
96447.34 
97104.04 
99835.91 
100317.49 
98828.97 
99152.94 
97699,45 
97927.10 
94363.41 
94503.51 
92507,14 
92726,04 
87560.00 
Yield of 
intercrop 
(q/ha) 
0.18 
0.25 
0.08 
0.12 
7.65 
11.25 
3.42 
4.89 
0.19 
0.26 
0.21 
0.35 
0.24 
0.34 
0.14 
0,21 
0.06 
0.11 
-
Return from 
intercrop 
(Rs/ha) 
3640.00 
5000.00 
3200.00 
4800.00 
3825.00 
5625.00 
3078.00 
4401.00 
3977.50 
5504.00 
3780.00 
6300.00 
3360.00 
4760,00 
2800,00 
4200,00 
3750.00 
6875.00 
-
Gross 
return 
(Rs/ha) 
97880.83 
99521.02 
96425.13 
98427.91 
106226.42 
108113.98 
99525.34 
101505.04 
103813.41 
105821.49 
102608.97 
105452.94 
101059.45 
102687,10 
97163.41 
98703.51 
96257.14 
99601.04 
-
Additional return 
over sole crop 
(Rs/ha) 
12280.83 
13921.02 
10825.13 
12827.91 
20626.42 
22513.98 
13925.34 
15905.04 
18213.41 
20221.49 
17008.97 
19852.94 
15459.45 
17087.10 
11563.41 
13103.51 
10657.14 
14001.04 
-
Values not followed by same letter are significantly different {P= 0.05) by DMRT 
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Table-5.17. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(55x35cm spacing) in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
LSDP=0.05 
Ratio 
15:1 
15;2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
15:1 
15:2 
Yield of 
cauliflower 
(q/ha) 
222.12d 
222.66d 
219.38b 
219.80b 
241.31h 
242.18h 
226.35e 
228.71f 
233.79g 
234.41g 
230.51f 
231.36f 
227.70e 
228.26f 
219.8c 
220.26c 
215.70b 
216.5b 
207.26a 
1.75 
% increase 
yield 
7.17 
7.43 
5.85 
6.05 
16.43 
16.85 
9.21 
10.35 
12.80 
13.10 
11.22 
11.63 
9.86 
10.13 
6.05 
6.27 
4.07 
4.46 
Return from 
cauliflower 
(Rs/ha) 
88848.22 
89063.77 
87753.88 
87919.69 
96525.13 
96873.32 
90539.46 
91484.56 
93515.71 
93764.42 
92205.83 
92545.74 
91078.33 
91302.18 
87919.69 
88102.08 
86278.19 
86598.20 
82904.00 
Yield of 
intercrop 
(q/ha) 
0.26 
0.42 
0.12 
0.18 
12.50 
18.42 
5.32 
8.18 
0.32 
0.42 
0.32 
0.45 
0.32 
0.54 
0.23 
0.26 
0.10 
0.11 
-
Return from 
intercrop 
(Rs/ha) 
5200 
8400 
4800 
7200 
6250 
9210 
4788 
7362 
6880 
9030 
5760 
8100 
4480 
7560 
4600 
5200 
6250 
6875 
-
Gross 
return 
(Rs/ha) 
94048.22 
97463.77 
92553.88 
95119.69 
102775.13 
106083.32 
95327.46 
98846.56 
100395.71 
102794.42 
97965.83 
100645.74 
95558.33 
98862.18 
92519.69 
93302.08 
92528.19 
93473.20 
-
Additional return 
over sole crop 
(Rs/ha) 
11144.22 
14559.77 
9649.88 
12215.69 
19871.13 
23179.32 
12423.46 
15942.56 
17491.71 
19890.42 
15061.83 
17741.74 
12654.33 
15958.18 
9615.69 
10398.08 
9624.19 
10569.20 
-
Table-5.18. Cost-benefit ratio of intercropping on the infestation of P. xylostella on cauliflower 
(55x35cm spacing) in 2005-06. 
Intercrop 
Radish 
Carrot 
Tomato 
Garlic 
Cumin 
Fennel 
Coriander 
Lucerne 
Marigold 
Cauliflower 
LSDP=0.05 
Ratio 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
25:1 
25:2 
Yield of 
cauliflower 
(q/ha) 
221.83d 
222.52d 
219.61c 
220.09c 
240.54h 
240.94h 
227.46e 
228.31e 
233.15g 
233.79g 
230.14f 
230.66f 
227.61e 
228.27e 
219.76c 
221.63d 
215.69b 
216.54b 
207.67a 
1.62 
% increase 
yield 
6.82 
7.15 
5.75 
5.98 
15.83 
16.02 
9.53 
9.94 
12.27 
12.58 
10.82 
11.07 
9.60 
9.92 
5.82 
6.72 
3.86 
4.27 
Return fi-om 
cauliflower 
(Rs/ha) 
88733.24 
89007.36 
87844.41 
88035.47 
96217.66 
96375.49 
90984.38 
91324.96 
93260.44 
93517.95 
92055.96 
92263.63 
91042.53 
91308.35 
87902.56 
88650.17 
86274.42 
86615.00 
83068.00 
Yield of 
intercrop 
(q/ha) 
0.18 
0.26 
0.07 
0.11 
7.52 
11.20 
3.21 
4.65 
0.19 
0.27 
0.20 
0.31 
0.22 
0.34 
0.11 
0.15 
0.06 
0.10 
-
Return from 
intercrop 
(Rs/ha) 
3600.00 
5260.00 
2800.00 
4400.00 
3760.00 
5600.00 
2889.00 J 
4185.00 
4063.50 
5762.00 
3600.00 
5580.00 
3080.00 
4760.00 
2200.00 
3000.00 
3875.00 
6250.00 
-
Gross 
return 
(Rs/ha) 
92333.24 
94267.36 
90644.41 
92435.47 
99977.66 
101975.49 
93873.38 
95509.96 
97323.94 
99279.95 
95655.96 
97843.63 
94122.53 
96068.35 
90102.56 
91650.17 
90149.42 
92865.00 
-
Additional return 
over sole crop 
(Rs/ha) 
9265.24 
11199.36 
7576.41 
9367.47 
16909.66 
18907.49 
10805.38 
12441.96 
14255.94 
16211.95 
12587.96 
14775.63 
11054.53 
13000.35 
7034.56 
8582.17 
7081.42 
9797.00 
-
Values not followed by same letter are significantly different (P= 0.05) by DMRT 
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CONCLUSION 
Diamondback moth (DBM), P. xylostella (L.) (Lepidoptera:Yponomeutidae) 
is a cosmopolitan and most destructive insect pests of Brassica crops. It thrives 
under extremely varied climatic conditions prevailing in different parts of 
India. P. xylostella larvae feed upon the marketable portion of the crop, and has 
a strong preference for cole crops specially cauliflower, cabbage, Chinese 
cabbage, broccoli and other Brassica vegetables. DBM reproduces year round 
and completes 13-14 generations in a year. P. xylostella was reared at 22±2°C 
and 75±5 percent relative humidity and the culture was maintained during the 
course of study. Cauliflower leaf was provided to larvae as a food and changed 
after 24-hr and 10 percent honey solution was provided to adult. 
Attempts have been made in the present study to investigate the seasonal 
abundance of P. xylostella at Aligarh district by identifying three localities, 
which are major producer of cauliflower and farmers are, generally cultivating 
three consecutive crops of cauliflower from July to April every year. Survey 
was conducted at 10 days interval from I week of July, 2004 to April, 2005 and 
likewise from July, 2005 to April, 2006. Initial infestation of P. xylostella was 
in a range of 0.90-2.38 and 0.27-5.84 larvae and pupae/plant and rate of 
parasitisation was quite low in I week of July, 2004 and 2005, respectively in 
three localities i.e. Mathura Road, G.T. Road and Punjipur village. Peak 
population i.e. 31.43 larvae and pupae/plant was recorded in III week of 
September, 2004 at Mathura Road. Whereas, rate of parasitization was less 
than 10 percent while, in the same week of September, 2005 maximum density 
i.e. 32.23 larvae and pupae/plant was obtained with about 10 percent 
parasitization. From September onwards during both years of study, density of 
P. xylostella decreased down slowly up to harvesting of third crop of 
cauliflower in the month of April, 2005 and 2006. Parasitization was found to 
be highest i.e. 41.52 percent in IV week of December, 2004 where the 
temperature ranged between 9.29° to 19.50°C with relative humidity of 72.90 
to 80.00 percent. However, the rate of parasitization tends to increase from 
September to last week of December, 2005. Peak (46.64 percent) was obtained 
at a temperature of 5.41 to 20.35°C and relative humidity of 48.10 to 94.00 
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94.00 percent. Parasitization was found to be decreased down from January to 
April, 2005 and the same was recorded in 2006. C. plutellae was recorded as a 
dominant larval parasitoids and O. sokolowskii parasitized a few pupae of P. 
xylostella. 
Effect of constant temperature on life table and development of P. 
xylostella on cauliflower was studied under laboratory conditions. Survivorship 
(Ix) decreases with increasing temperature from 10° to 37°C. It was prolonged 
to 164-days at 10°C and shortest at 37°C. Expectancy {e^ is highest at 
beginning of age and then declines with advancing age. Maximum number of 
eggs was hatched at 25°C. Incubation period is prolonged at 10°C and 5-day at 
20°C. Mortality occurred during larval, pre-pupal and adult stage at different 
constant temperatures. Age specific life table showed that maximum unhatched 
eggs were recorded at 37°C and minimum at 25°C. 37°C caused highest 
mortality of all stages of P. xylostella. Adult emergence was higher at 20°C 
than other temperatures and adults did not emerge at 7° and 37°C. 5° and 40°C 
were lethal to P. xylostella. Survival fraction {S^ of egg was highest at 25°C 
and lowest at 37°C. Sx of I instar increases from 7° to 25°C and lowest at 37°C 
and the same was for II instar. S^ of III instar was highest at 20°C and lowest at 
37°C. 5';cOf pre-pupa is highest as compared to pupa. Highest mortality survival 
ratio (MSR) was contributed by 37°C whereas, least mortality and highest 
survival was obtained at 20° and 25°C. Highest indispensible mortality of egg 
was at 35°C, for larva 30°C, for pupa 10°C and for adult 7° and 37°C. i<:-values 
were highest at 37°C. 
Highest number of eggs laid by female of P. xylostella was at 20°C and 
smallest at 35°C. Adults did not emerge at 5°, 7°, 37°, and 40°C. Maximum 
number of eggs laid by P. xylostella in the beginning of age and then slowly 
declines with advancing age. Female remains alive for 20 days after laying 
complete the eggs at 10°C and 1 day at 35°C. Oviposition period was 
prolonged at 10°C and shortest at 35°C. m^ was highest at 20°C and smallest at 
35°C. 
Life table indices showed that potential fecundity (Py) was highest at 
20°C and lowest at 35°C. Net reproductive rate (RQ) tends to increase from 10° 
to 20°C and minimum at 35°C. Highest capacity increase (rj occurred at 25°C 
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and smallest at 7°C. Intrinsic rate of increase (rm) was greatest i.e. 0.1956 
females/female/day at 25°C and smallest at 10°C. Whereas, finite rate of 
increase (X) is found to be highest at 25°C and smallest at 10°C. P. xylostella is 
required 22.25 and 32.60 days to complete one generation {Tc) at 25° and 20°C, 
respectively and prolonged to 93.44 days at 10°C. Population of P. xylostella 
will become double {DT) in 3.543 days at 25°C and 4.919 days at 35°C. 
Annual rate of increase {ARPf is greatest i.e. 4.4339x10^^ at 30°C. 
Temperature has significantly (/'<0.05) affected the development of P. 
xylostella that was significantly fast at 37°C and delayed at 7°C while, no 
development occurred at 5° and 40°C. Incubation period decreases with 
increasing temperature from 7° to 37°C although it prolonged to 18.03 days at 
10°C. Development period was longest at 10°C and shortest at 37°C. 15°C 
enhances the development of I instar and 35°C for II instar. Pupal development 
was delayed at 7° and fast at 37°C. Development period of P. xylostella firom 
egg to emergence of adult was prolonged at 7°C and the shortest at 37°C while, 
22.32 days at 25°C. 
Development data was regressed by linear equation in relation to 
temperature and lower thermal threshold (r^m) was estimated for egg stage of 
P. xylostella as 8.74°C, I instar as 4.68°C and IV instar as 2.17°C, pupa as 
6.54°C and adult as 6.75°C. Thermal constant {K) for adult stage was found to 
be highest i.e. 250°C-day and for pupal stage 76.92°C-day. Egg stage required 
47.17°C-day to complete the embryonic development. DD requirement for P. 
xylostella was also estimated that thermal requirement of adult is greater as 
compared to other stages. Whereas, requirement of egg stage was 41.26 DD to 
complete its embryonic stage. Immature stages of P. xylostella (egg to pupa) 
required a total of 426.68 DD. 
Maximum {Tmax) and minimum temperature {Tmi^ was determined by 
cubic polynomial equation and T^ax for egg stage of P. xylostella was 44°C and 
41.03°C for IV instar while, Tmax for adult stage was 40.31°C. Quadratic 
equation of II order was applied to determine the Topt and T,„i„. T^m for egg 
stage was 9.86°C, II instar of P. xylostella is more sensitive to r;„,„than that of 
I, III, IV instars. 9.96°C was the Tmm for adult stage. Topi for different stages of 
P. xylostella was in a range of 27.5°C to 30.70°C. 355.25 DD were required to 
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complete the development from egg to pupa and the adult required 146.73 DD. 
Whereas, a total of 426.93 DD were required to complete the development 
from egg to emergence of adult at 25°C and lowest required at 7°C. DD 
requirement increases up to 25°C and declines to 37°C (321.24 DD). 
Attempt was also made to find out the effect of Brassica hosts on the 
life table and development of P. xylostella. Four Brassica hosts i.e. cauliflower, 
{B. oleracea botrytis var. Pusa Snowball), cabbage, {B. oleracea var. Golden 
Acre), broccoli, {B. oleracea Italica var. Green Globe) and radish {R. sativus 
var. Pusa Desi) were grown in pots under protected field condition in two 
cropping seasons of 2004 and 2005. The highest unhatched eggs were recorded 
on radish and minimum on cauliflower in both cropping seasons. Hatching of 
eggs was more on cauliflower than on cabbage in both seasons. Larval 
mortality was least on cauliflower and maximum occurred on radish in both 
years (2004 and 2005).The survival fraction varies with host plants that affects 
on life stages of P. xylostella. In both years, survival fractions of immature 
stages were found to be high on cauliflower in comparison to other host plants. 
Mortality survival ratio differs in immature stages in both cropping seasons. 
MSR of egg is 0.064 on cauliflower, 0.099 on cabbage and 0.163 on radish in 
2004. The mortality survival ratio for immature stages was highest on radish 
and lowest on cauliflower in year of 2004 and 2005. The highest indispensable 
mortality was on broccoli and lowest on cauliflower. Indispensable mortality 
was recorded highest on pupal stage in comparison to other life stages of P. 
xylostella in both cropping seasons. The highest K-value was found on egg 
stage and lowest on pupa on different host plants. 
Highest number of eggs laid by P. xylostella was recorded on 
cauliflower followed by cabbage i.e. 164.86. Although there is an increase in 
egg deposition in the experiments conducted during rabi season of 2005. The 
female preferred to lay more eggs on cauliflower than on broccoli. The post-
oviposition period was also recorded on cauliflower and cabbage and the adult 
females survived for 3 days after completion of egg laying during 2004 and one 
day recorded on cabbage in 2005. nix is considerably affected by age and host 
plants. Mx is greatest in the beginning of age for all host plants and then 
declines gradually with advancing age. 
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Potential fecundity (/'/) was higliest on cauliflower and minimum on 
radish in 2004. In 2005, potential fecundity was higher on broccoli than even 
on cabbage. The net reproductive rate (Ro) decreases significantly (P<0.05) 
from cauliflower to cabbage, broccoli and to radish in 2004 and 2005. The 
highest Ro occurred on cauliflower (48.48 and 55.43 females/female) and 
smallest on radish (3.531 and 4.23) on 2004 and 2005, respectively. The 
capacity for increase (r^) was significantly (P<0.05) variable between the host 
plants. Highest intrinsic rate of increase (r^) occurred on cauliflower i.e. 0.1413 
and 0.1368 females/female/day in both 2004 and 2005, respectively followed 
by cabbage and lowest on radish in both years. However, P. xylostella takes 
35.11 days to complete its generation {7^) on radish in 2004 and 35.39 days on 
the same host plant in 2005. Corrected generation time (r) was found to be 
shortest (27.47 days) on cauliflower and prolonged to 35. 09 days on radish 
during 2004, while 35.36 days required to complete a generation by P. 
xylostella on radish in 2005. Doublmg time {DT) is shortest (4.91 and 5.06 
days) on cauliflower but 19.28 and 16.99 days was on radish in 2004 and 2005, 
respectively. P. xylostella breeds fast on cauliflower in comparison to other 
host plants in both years of 2004 and 2005 and A.R.L is significantly {P<0.05) 
low on the radish. 
Development of egg of P. xylostella was highest on cauliflower and 
lowest on radish in 2004. While, no marked difference was found on incubation 
period of egg on host plants in 2005. Development of immature stage (egg to 
pupa) was not significantly varied on cauliflower and cabbage and significantly 
(/'<0.05) differed on broccoli and radish in 2004 and 2005, respectively. 
Longevity is shortest (7.50 days) on radish and 12.45 days on cauliflower and 
significantly (/'<0.05) varies among the host plants in 2004 and 2005. 
Development rate of P. xylostella was obtained on Brassica host and 
data was regressed using sigma plot version-10. Thermal constants {K) 
significantly vary among the host plants as well as in 2004 and 2005. In 2004, 
maximum heat (°C-day) is required for development of P. xylostella on 
cauliflower during both experimental seasons and minimum on radish. The 
required degree days {DD) for the development of egg to emergence of adult 
was varies in both cropping seasons. When P. xylostella reared on radish more 
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DD were required to complete the development of immature stages as 
compared to other host plants. 418.5 and 331.13 degree days were required for 
development on cauliflower during 2004 and 2005, respectively. Degree day 
was also calculated by averaging method (Willson and Bamett, 1983) and the 
result showed that P. xylostella required maximum DD to complete the 
development of its immature stages on radish in 2004 but 394.95 DD on 
broccoli in 2005. 
Efforts have been made to study the effect of mustard varieties i.e. gobhi 
sarson (B. napus var. Neelam), yellow mustard {B. campestris var. Pusa 
kalyani), brown sarson {B. campestris var. BSH-1) hidian mustard {B. juncea 
var. Pusa Bold), and cauliflower {B. oleracea botrytis var. Pusa Snowball) 
(untreated control) on life table and development of P. xylostella under 
protected field condition in 2004-2005 and 2005-06. It was found that apparent 
mortality of egg was recorded highest on B. campestris var. BSH-1 in 2004-05 
and smallest on cauliflower in 2005-06. While larval survival on Indian 
mustard was 37 and 35 percent in 2004-05 and 2005-06, respectively. Adult 
emergence was also less (23 and 19 percent) when the larvae reared on Indian 
mustard in both consecutive cropping seasons in comparison to other host 
plants and when the larvae fed on cauliflower showed highest number of adult 
emergence. The survival fraction of P. xylostella may be differed on mustard 
varieties. In egg stage, the survival fraction was i.e. 0.910, 0.880, 0.860, 0.850, 
0.840 and 0.90, 0.89, 0.88, 0.87, 0.86 on cauliflower, B. napus var. Neelam , 
B. campestris var. Pusa Kalyani, B. juncea var. Pusa Bold (Indian mustard) and 
B. campestris var. BSH-1 (Brown sarson) in year 2004-05 and 2005-06, 
respectively. Mortality survival ratio differs in immature stages in both 
cropping seasons. Sx was maximum on cauliflower in both cropping seasons in 
comparison to that of mustard varieties. Mortality survival ratio of egg is 
minimum (0.099) on cauliflower and maximum i.e. 0.190 and 0.163 on B. 
campestris var. BSH-1 in 2004-05 and 2005-06, respectively. At pre-pupal 
stage, it was highest (0.429) on B. campestris var. BSH-1 and lowest on 
cauliflower in both cropping seasons. The maximum indispensible mortality 
was on B. campestris var. BSH-1 and minimum on cauliflower in 2004-05 and 
similar in next cropping season. The highest indispensable mortality was 
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recorded in pupal stage in comparison to egg and larval stages of P. xylostella 
on cauliflower and mustard varieties in both cropping seasons of 2004-05 and 
2005-06. Maximum K-value i.e. 0.638 was recorded on Indian mustard and 
lowest i.e. 0.260 on cauliflower in 2004-05 and almost similar 2005-06. At egg 
stage, K-value was maximum i.e. 0.071 on B. campestris var. BSH-1 and 
minimum i.e. 0.041 on cauliflower in 2004-05 and similar result was also in 
2005-06. The highest K-value was found on egg stage and lowest on pupal 
stage in different hosts in both cropping years. 
Female survivorship of P. xylostella decreases with advancing of age 
and maximum occurred on cauliflower (control) and minimum on B. juncea 
and B. campestris var. BSH-1 in both cropping seasons. Females obtained from 
the larvae fed on cauliflower continue to lay eggs for 10 and 11 days in 2004-
05 and 2005-06, respectively but 6 days on B. campestris var. BSH-1, while 6 
and 7 days on Indian mustard in 2004-05 and 2005-06, respectively. Fecundity 
of female of P. xylostella decreases with advancing age and peak egg 
production was found on the beginning of pivotal age and then decreases with 
age and a variable post oviposition period was also observed on mustard 
varieties whereas, 3 days were recorded in both cropping years on cauliflower. 
Maximum number of eggs laid by P. xylostella was on cauliflower and 
minimum on B. campestris BSH-1 in both cropping years of 2004-05 and 
2005-06 
Potential fecundity {Pj} of P. xylostella obtained firom the larva fed on 
cauliflower was highest i.e. 120.10 and 116.90 in both cropping seasons of 
2004-05 and 2005-06, respectively and smallest on B. campestris var. BSH-1 in 
both years. 64.20 and 68.50 eggs /female was obtained when larva fed on B. 
juncea in both cropping seasons, respectively. Net reproductive rate {RQ) was 
found to be smallest i.e. 8.36 and 10.36 females/female on B. campestris var. 
BSH-1 in both cropping years, respectively and 11.71 and 12.99 
females/female was on Indian mustard in both years, respectively. The larva 
fed on cauliflower showed greatest r;„(0.1188 and 0.1215 females/female/day) 
in both cropping seasons. Whereas in B. napus, r^ was 0.0992 and 0.0974 
females/female/day in both cropping seasons, respectively while, minimum 
(0.0537 and 0.0589 females/female/day) on B. campestris var. BSH-1. Finite 
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rate of increase (X) of cauliflower is significantly differed in comparison to 
other host plants. Mean length of generation (Tc) was found shortest i.e. 30.58 
and 30.84 days on cauliflower and prolonged on Indian mustard during both 
years, respectively. Mean length of generation (Tc) on cauliflower is 
significantly different to other host plants tested in both years. F. xylostella 
required 39.65 and 39.76 days to complete a generation on B. campestris var. 
BSH-1 and B. juncea var. Pusa Bold, respectively, while 33.36 days on B, 
napus var. Neelam in 2004-05. Corrected generation (r) time on cauliflower is 
differed in comparison to other host plants tested. P. xylostella be able to 
complete a generation in 39.75 days on Indian mustard and 30.36 and 29.24 on 
cauliflower during 2004-05 and 2005-06, respectively. Doubling time (DT) is 
significantly (P<0.05) differed on different host plants. P. xylostella obtained 
fi-om larva fed on cauliflower will become double in 5.83 and 5.70 days in 
2004-05 and 2005-06, respectively while, P. xylostella fed on B. campestris 
var. BSH-1 will take 12.91 and 11.77 days to become double and 11.20 and 
10.75 days on Indian mustard during both years, respectively. Multiplication 
rate of P. xylostella fed on cauliflower is significantly faster than other host 
plants. However, 6.79x10'^  and 1.82xlO'' individuals were produced on 
cauliflower during both seasons, respectively. 
Development per day on mustard varieties for two cropping seasons was 
estimated by linear regression. Thermal constant {K) varies when P. xylostella 
fed on mustard varieties and in both years of study. Pupal development of P. 
xylostella required more degree days than that of individual stages of larva. 
Degree day requirement for development P. xylostella varies in different years. 
A minimum i.e. 258.99 and 174.60 degree days required when larva of P. 
xylostella fed on cauliflower and maximum i.e. 252.73 and 258.23 degree days 
on B. campestris var. BSH-1 during both cropping seasons of 2004-05 and 
2005-06, respectively. Degree day requirement was also calculated by 
averaging method and found that the values are similar or dissimilar to that of 
Arnold method and also showed variation in two cropping seasons of 2004-05 
and 2005-06. 
Intercropping of cauliflower with 15:1 ratio of intercrop is 
significantly/non significantly less effective in reducing the P. xylostella as 
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compared to 15:2 ratio and similar result obtained in 25:1 ratio in cropping 
years of 2004-05 and 2005-06. The population of P. xylostella is high in 55x35 
cm spacing of cauliflower in comparison to that of 60x45 cm. Population of P. 
xylostella on cauliflower intercropped with different plants was substantially 
higher in 2005 as compared to 2004. Spacing of 60x45cm with 15:1 ratio of 
cauliflower and radish showed that larvae and pupae/plant was recorded 
highest and lowest on tomato followed by marigold and the similar result was 
also found in 15:2 ratio that maximum larvae and pupae/plant was found on 
radish and minimum on tomato followed by cumin in 2004-05. Cauliflower 
intercropped with tomato at a ratio of 15:2 was found to be more effective than 
15:1 as well as other treatments. Peak population of P. xylostella was 
monitored at 60 DAP on cauliflower (sole crop) and then declines gradually in 
different ratios and spacing during 2004-05. Although garlic, cumin, coriander 
and fennel were found to be more effective intercrops than that of lucerne, 
marigold, radish and carrot. 25:2 ratio (cauliflower: intercrop) is superior for 
reduction of larvae and pupae/plant in comparison to 25:1 in both cropping 
seasons of 2004-05 and 2005-06. Garlic, cumin, fennel and coriander 
intercrops are not significantly differed but equally effective in reducing the 
infestation of P. xylostella in relation to 15:1, 15:2, 25:1 and 25:2 and spacing 
of 60x45 and 55x55 cm in both years of study. Lucerne and marigold 
intercrops are significantly/insignificantly different but marigold is more 
effective than that of lucerne in different ratio of cauliflower and intercrops as 
well as spacing of cauliflower in both cropping seasons of 2004-05 and 2005-
06. 
The rate of parasitization was more when cauliflower spaced 60x45 cm 
as compared to 55x35 cm and 15:1 ratio conceived more parasitoids than 15:2 
in both spacing schedules and in both cropping years, respectively. 
Parasitization in cauliflower + tomato is considerably high (20 to 51.65 
percent) as compared to other cropping system in 2004-05 and 32.64 to 41.17 
percent in 2005-06. However, occurrence of parasites in cauliflower 
intercropped with garlic, cumin, fermel, and coriander is significantly higher as 
compared to radish, carrot and lucerne intercropping system but lower than that 
of tomato. 52.04 percent of larvae and pupae of P. xylostella were parasitized 
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in fennel cropping system, which is the highest rate of parasitization in 15:1 
ratio with spacing of 60x45 cm in 2004 and 32.42 percent in 2005-06. 
Yield increase was in a range of 15-18.55 percent that was obtained on 
cauliflower + tomato cropping system and lowest (4-6 percent) on cauliflower 
+ marigold as compared to cauliflower (only). Garlic and coriander intercrops 
were also found to be considerably effective in relation to increase of yield of 
cauliflower. While, 6 to 8.30 percent increase of yield was recorded on radish, 
carrot and lucerne intercrops in both years of study. Cauliflower + tomato 
cropping system has provided greater yield production (263.38 q/ha) in 15:2 
ratio than that of 15:1 ratio (261.61 q/ha) in 2004-05 and 251.88 and 251.77 
q/ha with a ratio of 15:2 and 15:1, respectively during 2005-06. However, the 
production in cauliflower + tomato system was 256.16 and 256.44 q/ha with a 
ratio of 25:1 and 25:2, respectively in 2004-05 and 256.00 and 256.22 q/ha 
with 25:1 and 25:2, respectively during 2005-06. Maximum benefit in terms of 
Rupees was recorded on cauliflower + tomato cropping system i.e. Rs. 
25785.01 with 60x45 cm spacing and 15:2 ratio during 2004-05 as compared to 
other cropping system during 2004-05 and 2005-06. Cumin and fennel 
intercrops offered a greater additional return as compared to garlic, coriander, 
radish, carrot, lucerne and marigold in year 2004-05 and 2005-2006. 
The maximum and minimum temperature is negatively (non significant) 
correlated for 15:1 and 15:2, 25:1 and 25:2 ratio for both spacing of 60x45 cm 
and 55x35 cm in cropping season of 2004-2005. The average humidity was 
also substantially affected the population of P. xylostella in 2004-05. In 2005-
06, DBM population is positively (non significant) correlated with maximum, 
minimum temperature and average humidity. Whereas, the rain fall is 
significantly (/'<0.05) unfavourable for the larvae and pupae of P. xylostella. 
Environmental conditions caused a significant/non significant effect on 
the perpetuation of parasites both cropping years. Maximum temperature 
significantly (P<0.01, P<0.05) enhanced the population of parasites when, 
cauliflower spaced 55x35 cm as compared to 60x45 cm in 2004-05 but 
minimum temperature adversely affected the parasite build up on cauliflower 
spaced 60x55 cm while, minimum temperature has significantly increased the 
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rate of parasitization in spacing of 55x35 cm. Average humidity caused a 
substantial increase/decrease in parasites population during 2004-05. 
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